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Direct Detection C

* Much of the WIMP phase 107

space has been explored
and excluded

* DAMA appears in the

experiments

10—46 i

* Note: No other experiment
in this plot uses Nal(Tl)
target material
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Made with SLAC DM Plotter
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https://supercdms.slac.stanford.edu/science-results/dark-matter-limit-plotter
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Collaborations {27

COSINE-100 and ANAIS:112

COSINE-100 ANAIS-112

, Yangyang, . Canfranc,
Plastic Location .
scintilator - South Korea Spain Moveable
Panel Water Tank
ANAIS ' ~ Shielding
September L August - |
2016 Comissioning 2017
2-inch J
o k 112.5k |
61.3 kg . Skg )
5 detectors Active Nal(Tl) Mass 9 detectors M
Plastic
Liquid ~85%, 95% ~25%, 80% Scintillator
Scintillator at 1.0, 1.5 Efficiency at 1.0,1.5  Muon Veto
Lead(20cm) Veto keV keV
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COSINE-100 and ANAIS:112 3-year Results {37

3-year Annual Modulation Individual Results

0.015
4 DAMA/LIBRA

o cosmeio  ® ANA|S-112 incompatible with DAMA at

€ ANAIS-112

= 3o 2.60in [1-6] keV and 3.30 in [2-6] keV

0.010

'E; = 20 ANAIS
- Lo sensitviy * Recent updated 3-year results improve this
é | l ANAIS-112: PRD 103, 102005 (2021), (updated result 2024)
g 0.000 - = . ¢
g
<
E Lt * COSINE-100 3-year dataset lacked
Z statistics to exclude either case
>
~0.010 * Compatible with null and DAMA hypotheses
COSINE-100: PRD 106, 052005 2021
—0.015

[1-6]I keV [2-6]I keV



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052005
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.102005
https://arxiv.org/pdf/2404.17348

-~ -

Motivation to.Combine,Data.

* Using published 3-year data for both experiments, a 3o significance can be
achieved

* ANAIS and COSINE provide open access to 3-year counting rates and background models
at the Dark Matter Data Center (DMDC)

ANAIS 3y & COSINE 1.7y Sensitivity Projections

« Combining data directly allows for: LRV e
* Validation of analysis methodologies ~ | ; 3
_ I S . gue S
* Confirmation for compatibility of results O 3
®
m 2_ .................... - ...................... .......................... - A
* Promote the open access of data within the 1 ......................... .......................... ......................... :ggg:z:foo
community :) S0 VO P P s v
. R R R R R S
Thesis: Ivdn Coarasa real time (yr)
Yale Sophia Hollick 5



https://www.origins-cluster.de/odsl/dark-matter-data-center/available-datasets/anais
https://inspirehep.net/literature/2081400

——

Simple Combination o+

T

Letting COSINE and ANAIS be, respectively, A +3A4 and B + /B

Perform x? Minimization of Independent Experiment Results:

0.015

¢ DAMA/LIBRA
® COSINE+ANAIS Simple

B 30 =99.7%
6?2 5B2 1 _ 0.0101 I I ] zg = 95% Confidence
1 1 1 | 1 £ 005 .
5AZ T §B2 5AZ T §5B2 10 1
|
= 0.000 A ®
Z
* Assumes -
= —0.005 A -
* Uncertainties are well understood E - -
. b
» Results are free from systematics 0,010 -
* Experiments are compatible
—0.015 T .
[1-6] keV [2-6] keV
Yale Sophia Hollick 6




Steps for Com@naﬂen RESLdualS I\/Iethod @X

Subtract ANAIS Bkgd

Model fit ANAIS 3-year residual rate

ANAIS 3-year counting rate

COSINE 3-year counting Subtract COSINE Bkgd

rate Model fit COSINE 3-year residual rate

e Confirm individual experiment results
. . timeline
* Compare fitting methodologies

* Frequentist vs Bayesian

. FthIt to Combined Residual Rat
* Confirm data compatibility e

Yale Sophia Hollick .
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ANALIS Daily Rate (dru) 1-6 keV

ANAIS-112’s Background Mo

T

Single Exponential Decay 3'5_— — it Detector 6
- —1 /T 3.0F + + + data
RT(tZ)_RO(1+f6 ' ) - * + T totit + + +
25} + F
600 300 1000 1200 1400 1600

Days Since Jan. 1, 2016

X2 [ndf X2/ ndf * Single exponential describes
Energy ROI Single Exponential Monte Carlo PDFs the ANAIS 3_year data well

1-6 keV 1.23 1.11

* Allows for straightforward

2-6 keV 1.08 1.05 ey
: fitting of backgrounds

J Amaré et al 2021 J. Phys.: Conf. Ser. 2156 012175

Yale

Sophia Hollick 8



https://iopscience.iop.org/article/10.1088/1742-6596/2156/1/012175

3.5

3.0

2.5

Detector 6

— fit
+++ 4+ data
¥ +iti4 + +
¥ +
+ + PR

ANAIS Residual Rate (dru)

0.5F

0.0

-0.5¢E

Detector 6

WE S ST . O PR SOPE T SRITL SV 10 1 0 SN LT
+ ++T T4 + 7

+

ANAIS All Residual Rate (dru)

0.08 A

0.06 A

0.04 A

0.02 A

0.00 A

—0.02 A

—0.04 A

—0.06 A

—0.08 A

Yale

— < -~

ANAIS data — Obtaining Residuals:
= ua/iNZIsoDaﬂy Rate (d;u) e

Single Exponential Background Model
e Fit the daily rate with the chosen
model as in PRD 103, 102005 (2021)

Residuals
* Done for all detectors, though only
detector 6 shown here

Modulation Fit
_— Combine detector residuals and fit a

+ e modulation
ST T TBONTMRIRR TN A UMMM crc'c, ot | s Sy oru) | ANAIS o)
m“* o W T | J[ +' LT H 1-6 keV -0.0040 £0.0037  -0.0039 * 0.0037
H WL ]L Wt 2-6 keV -0.00016 + 0.0037  -0.0015 + 0.0037
600 800 1000 1200 1400 1600
Days Since Jan. 1, 2016
Sophia Hollick 9



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.102005

Component  Half life

I 1 SINGLE NRC 2-6 keV 210py, 22.20 years
; P\t 10°- =0 DAMA $0C6 5.27 years
R(t) = E C'l+ ) |Ale™ Y 125] 59.4 days
J ---- Threshold 121, 19.3 days
vt 7=1 1 10-2- 121me 154 days
LSy 119.2 days
. . 125m e 57.40 days
* COSINE crystals fit with: el 4L R ——— | 2T 106 days
_ SH 12.32 years
e Constant term from long-lived 1090d  461.3 days
backgrounds 10 “Nallll  2.60 years
_ "5Sn  115.08 days
* Sum of exponential decays from *surface Pb210 treated
_Li T 192 separately with effective
short-lived radioisotopes FS 0P EEDQNSEED R e 23.8 4 8 vomrs
2L N IdE2SaNTT from continuous Rn222
s g 2° - contamination
~ /
LS
o
N
COSINE-100 Background 2021
Yale Sophia Hollick 10



https://link.springer.com/article/10.1140/epjc/s10052-021-09564-0
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COSINE data — Obtaﬂm Resuduals

_ COSINE Daﬂy Rate (dru) Residuals Method — COSINE 1-6 keV
35 F tal .

_ rat u . tog 4 + ++Crys o3 Sum of Exponentials Background Model
30 1F + +

_ ¥ T / Fit the daily rate with the chosen model
25 T + data as in COSINE-100 PRD 106, 052005 2021

COSINE Residual Rate (dru) ,
05 F Residuals

Crystal 3 Done for all crystals, though only

| H ot 4 bt e ot
000 | hﬁﬁ*ﬁﬁ#ﬁﬁww — crystal 3 shown here

o COSINE All Residual Rate (dru) | Modulation Fit

21(5) / rCnoorgltj:;]‘;;rr]ystal residuals and fit a

TR I AT R e AT

oos | T Tﬂj[' T ¢ '*”J[ *’HJf I++"++ Sttt T '% 1-6keV  0.0069+0.0042  0.0067 +0.0042

0.10 | Wl ; T oo | 2-6keV 0.0048 + 0.0047  0.0050 + 0.0047
200 400 600 800 1000 1200 1400

Days Since Jan. 1, 2016



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052005
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Residual Rate [1-6 keV]

Céfnibme D

<4 cosine data
0.15 A = <4 anais data
combined data

0.10 A -

0.05 A AR

0.00 A \

—

bt i lﬁl IS

0 250 500 750 1000 1250 1500 1750
Days since Jan. 1, 2016

-

—0.05 A

Residuals (counts/day/kg/keV)

I T 2 4
+
e
1 A

—0.10 A

Perform a modulation fit with:
-Least-Squares Method with x? Statistics Plot with equal binning
-MCMC Method with Bayesian Statistics and timeline
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3-year Annual Modulation Combined Results

Preliminary

. . 0.015
* Since no systematics ® DAMA/LIBRA
® ResidualsLS
found for the two 3 o Simple
] 0.010 - ~ 38 4 o MCMC
experiments, can = 30
combine 0005 .

]

0.000f @& & ®

I Energy | Combined Amplitude DAMA
. _ ROI (dru) -- MCMC Exclusion
* Frequentist and ~0.005 - -

Bayesian methods - 1-6 keV ~ -0.0003 + 0.0028 3.60
are compatible! ~0.010+ - 2-6keV  0.0023 + 0.0029 2.60

Modulation Amplitude (cpd/kg/keV)
|
|
1|
]

—-0.015

[1-6]I keV [2-6]I keV

Yale
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6 years co&mbm‘gd SeﬂSI;IVEy

Combined 6 Years Modulation Sensitivity * Expected sensitivity from
o 0.015 6 years of simulated data
2 ¢ DAMA/LIBRA for the combined
® oow0f{ & |4+ @& ¢ Prelim COSINE-100 6y Ve
3 @ Prelim ANAIS-112 6y analysis
S 0.005 ° grelim Combined 6y o Sansijtive to DAMA at
S— ] o .
E Py g 2 ; 5.30in 1-6 keV and
= 0-0007 ‘ 5.00 in 2-6 keV
‘.%' 1-6 keV 0.0017 £ 0.0029 0.0007 £ 0.0025 0.0011 £0.0019
g —0.010 1 2N H 2-6 keV 0.0053 + 0.0031 0.0030 + 0.0025  0.0039 + 0.0019
§ ANAIS-112: the most sensitive experiment to test the DAMA/LIBRA signal in a model independent way
- O O 15 T T Ivan Coarasa Casas
[1-6] keV [2-6] kev Dark Matter Annual Modulation Search in COSINE-100 Full Dataset and Beyond SeungMok Lee
*see previous two talks by Ivan and SeungMok | Palazzo dell’Emiciclo, Sala Ipogea 15:00 - 15:20

Yale

Sophia Hollick 14




* COSINE-100 and ANAIS-112 are compatible Nal(Tl) experiments

* Separate treatment of experiment backgrounds allows for direct combination of residuals
* Combined annual modulation search provides 30 sensitivity to DAMA for 3-years data

* Combined 3-year analysis finds
no modulation at 3.60 in 1-6 keV T
and 2.60 in 2-6 keV — e -

|
|
|
|
|

|

| -
* Expected 6-year combination to find .,

no modulation at 4.50 in 1-6 keV
and 2.80 in 2-6 keV
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Pseudo Study ;
| | Null Hypothesis Case DAMA Case

* Ensembles of 9w f=nsa 3 e
m Od u Iatlo nsS are 150 1 W= combined fit bias —— T
generated from

bkgd models +

120 A

100 A

100 A
80 A

75 A
60 -

50 A

Number of Experiments)

Poissonian :::
* O'O —0.0100 -0.0075 -0.0050 -0.0025 0.0000 0.0025 0.0050 0.0075 -0.010 —0.005 0.000 0.005 0.010
+ O 0025 Bias (dru) Bias (dru)
; 0.005 m Bias [0.0 dru] 10 | Bias [0.0105 dru] 10 | Standard Deviation 10
+ 0.0075 COSINE SETZ Bkgd 0.2+/-1 -0.3+/-0.9
+0.0105 ANAIS Single Exp. 0.3+/-0.6 5+/-0.6 18

Combined Residuals 1+/-0.5 -4 +/- 0.5 15
* Bias = Fit — Injected Signal
* Bias Error = Standard Deviation / sqrt(# of entries) ~1000 Experiments
Yale

Sophia Hollick 18




Visual Respresentation of Bias Effect
Combined Modulation Sensitivity anBias

Combined Modulation Sensitivity and—Bias

0.015

0.010 -

0.005

0.000

—0.005

Modulation Amplitude (cpd/kg/keV)

—0.010 -

* &

-0.015

Yale

[1-6] keV

[2-6] keV

0.015

0.010 A

0.005

0.000

—-0.005

Modulation Amplitude (cpd/kg/keV)

—0.010 4

—-0.015

Sophia Hollick

[1-6]' keV

[2-6]' keV
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DAMA/LIBRA
COSINE-100
COSINE+ANAIS
ANAIS-112
COSINE-100
COSINE+ANAIS
ANAIS-112
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quU|d Scmtlllator Vete

* Nal(Tl) detectors immersed in 2200 L active LAB liquid scmtlllator veto

T

* Scintillator contained in acrylic vessel lined with reflector

* LS veto ~80% efficient at rejecting 4°K events

AYANA

40K
e- (3 keV)

b

Liquid Scintillator

COSINE-100: Nuclear Instruments 1006:165431 (2021)

Yale

(W

Counts/kg/day/keV

Sophia Hollick

i © O Total Events
6;— . o A Nal Only Events
5 ® Coincident Events
4 :— A O
E X O
s Ole AZA Oooo
E A. ® AAA :OOCD O
1:— 8 o
E o oo o0 Oo.
N IS i Vi e r T

o

B S S T R T VR TR TR
Energy (keV)

N
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https://doi.org/10.1016/j.nima.2021.165431

EfflClency leferences

* ANAIS-112 suffers a dramatic eff|C|ency drop below 1.4 keV
e COSINE-100 is able to maintain efficiencies of “85% down to 1 keV

COSINE-100

1.00 1

0.98 1

Efficiency
© 9
(<] o
s 9

o
©
N

o
©
o

0.88 1

0.86 -

W

+

PRD 106, 052005 2021

Yale

3
Energy (keV)

4

5

P 08— j: — detector 0
5 u
c B — detector 1
o = ——
06— = detector 2
% B 1 detector 3
= == detector 4
© 04—~ B
o B detector 5
= ; — detector 6
0.2 = — detector 7
. PRD 103, 102005 (2021) (updated result 2024) detector 8
6 01 15 2 25
energy (keV)
Sophia Hollick 21
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052005
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.102005
https://arxiv.org/pdf/2404.17348

Alpha Spectra Eiystajs 0

° ANAIS Detector Powder Name  Date of arrival at Canfranc
DO, D1 <90 ppb K December 2012
D2 WIMPScint-I1 March 2015 Component Half life
D3 WIMPScint-I11 March 2016 210pt, 22.20 years
D4, D5 WIMPScint-I1I1 November 2016 60Co 5.27 years
D6, D7, D8 WIMPScint-II1 March 2017 125] 59.4 days
121Te 19.3 days
120 Te 154 days
* COSINE 128mTe  119.2 days
12500 e 57.40 days
Crystal | Mass Size Powder | Exposure | Radioactivity 127mTg 106 days
(kg) | (diameterxlength) Type Time | cooling time at SH 12.32 years
(inches) (years) Y2L (years) H9¢d 461.3 days
Crystal-1 | 8.3 5.0x7.0 AS-B 2.17 3 22Na 2.60 years
Crystal-2 | 9.2 4.2x11.0 AS-C 0.92 2.75 1138h 115.08 days
Crystal-3 | 9.2 4.2x11.0 AS-WHSII >0.92 1.2
Crystal-4 | 18.0 9.0x15.3 AS-WSII 1.83 0.5
Crystal-6 | 12.5 4.8%x11.8 AS-WSIII 0.5 0.6
Crystal-7 | 12.5 4.8%x11.8 AS-WSIII 0.5 0.6




-

Haejuj-yi‘,w-“"”‘*"
LEA
GANGWON DO Y2 L
Seoul 3
(O A‘lE
Incheon O
0|x4° GYEONGGI DO °"9.Hae

JEOLLABUK DO :
GYEONGSANGNAM DO

Gwangju Changwon

LAy 4 o
I'X el Busan
S
JEOLLANAM-DO .
Yegsl.'i‘n.\
7

i

/*

Sophia Hollick

The New Underground
Laboratory

1100m overburden

Handuk Ir¢

on Mine



COSINUS
@ LNGS

L PRD 103, 102005 (2021)
LNGS -
e KIMS/COSINE §  phys. Rev. D 106, 052005 — 2022
@ Yangyang .
‘ — \ COSINE-100U at YemiLab
X pr ‘
*
PICO-LON
ANAIS :
@ Kamioka \ ‘

SABRE

«// B In Data-taking @ Stawell \
ke PRD 103, 102005 (2021)
*

wemseuonsieideg  (Updated result 2024)

Experlment

A rO u n d th e DM-Ice @ South Pole f‘é:)

Sophia Hollick 24
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.102005
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.102005
https://arxiv.org/pdf/2404.17348

