Replicating DAMA/LIBRA’s Annual Modulation

R\Z Wright Sophia Hollick, Govinda Adhikari, and Reina Maruyama on behalf of the COSINE-100 Collaboration

ans | ab

Annual Modulation

 DAMA/LIBRA claims a dark matter WIMP annual modulation signal to 13¢
* COSINE-100 finds no clear modulation
» Uses exponentially decaying background rates

* COSINE-100 finds modulation to 70 with DAMA analysis
* Uses an annually averaged background subtraction

Nucl. Phys. At. Energy 19, 307. (2018). Nature (London), 564:83, (2018).
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COSINE-100 Experiment

DAMA/LIBRA Experiment
A Daily Rate Unit” (counts/day/kg/keV) 2-6 keV Nucl. Phys. At. Energy 19, 307. (2018).
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Background Rates

» Undeniable time-dependent background exists in COSINE-100’s detector
* Modelled from 8 major contributing radioisotopes in Nal(Tl)

Phys. Rev. D 106, 052005. (2022).
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DAMA/LIBRA’s Analysis

« Simulate DL experiment with COSINE-100 backgrounds

* Slice into DAMA declared annual cycles
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* Average the rates for each cycle and
subtract their points
: Sci Rep 13, 4676 (2023).
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Investigating DAMA Phase Dependence

COSINE-100 Exponentials Increasing Exponentials

Shift Cycle
Declarations by

1 (183 days)
lterate
until

Perform DAMA/LIBRA best x2
Analysis
DAMA/LIBRA Signal + 1 DAMA/LIBRA Signal

DAMA/LIBRA’s Analysis on COSINE-100 Data

» Clear modulation in single-hit events
* S = (—0.044 + 0.006) dru at 7g, but opposite phase

* No modulation in multiple-hit events
* Matches DAMA's .5, (0.00030 + 0.00032) dru
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Sci Rep 13, 4676 (2023).
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i Shifted Cycle Declarations

Using the simulated data, cycle times are shifted by 1 (183 days), the fitted
modulation phase shifts by m, resulting in DAMA’s phase.

—~~ o ///)7 L
S 0.03- Uy e

L, o Best Fit

E 0.02 Chi2=3.65

0 01 1 ¢ 73 BN [y L gaty 77N 7o N PRy /,‘ L Y ° 2 s 0 7
/ \Y ’ A3 3
- ® 7\ @ 77N 0, N\ N\ R N a ° /4 /
\ / \ / \ \ () ()
/, (\} l/ \\ /, \ I/ /, /, \ / \ ) y) \ \ / \ / /I /, \

4 \ 4 \ 4 \ \ 4 \ 4 4
AN A N7 7 g - o7 7 . N7 S/
_O 01 7 L \:/. Must A \./ 4 A S L A A s N \.,'/‘ e \.// \//. Qe
. ®e Y [ [ ]
-0.02;
-0.03

0.02 ]
0.01

-0.01 1
-0.02 T

Residuals

1000 2000 3000 4000 5000
Days since Jan 1, 2003

Conclusions

An induced modulation is possible using DAMA’s analysis methods and shows
phase dependence for time-dependent backgrounds by:

* shifting cycles times for annual average background subtraction
* modeling exponentially increasing/decreasing background rates

DAMA’s analysis is only valid for time-independent backgrounds.
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