
Replicating DAMA/LIBRA’s Annual Modulation
Sophia Hollick, Govinda Adhikari, and Reina Maruyama on behalf of the COSINE-100 Collaboration

Yale University, Wright Laboratory

Acknowledgements
This work is supported by: 

The Institute for Basic Science (IBS) under project code IBS-R016-A1 and NRF-2021R1A2C3010989, 
Republic of Korea; NSF Grants No. PHY-1913742, DGE- 1122492, WIPAC, the Wisconsin Alumni Research 

Foundation, United States; STFC Grant ST/N000277/1 and ST/K001337/1, United Kingdom; Grant No. 
2017/02952-0 FAPESP, CAPES Finance Code 001, CNPq 131152/2020-3, Brazil.

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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•Fit an annual modulation to resulting residuals

•Average the rates for each cycle and 
subtract their points

• Simulate DL experiment with COSINE-100 backgrounds

DAMA/LIBRA’s Analysis

Opposite phase!

R
es

id
ua

ls
 (d

ru
)

R
at

e 
(d

ru
)

Time (Days)

Time (Days)

1

0.5

0

0.05

-0.05
2000

2000

4000

4000

•Slice into DAMA declared annual cycles
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• Undeniable time-dependent background exists in COSINE-100’s detector
• Modelled from 8 major contributing radioisotopes in NaI(Tl)
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•DAMA/LIBRA claims a dark matter WIMP annual modulation signal to 13𝜎

•COSINE-100 finds no clear modulation
•Uses exponentially decaying background rates

•COSINE-100 finds modulation to 7𝝈 with DAMA analysis
•Uses an annually averaged background subtraction
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•Clear modulation in single-hit events 
• 𝑆𝑚 = (− 0.044 ± 0.006) dru at 7𝜎, but opposite phase

•No modulation in multiple-hit events 
•Matches DAMA’s 𝑆𝑚 (0.00030 ± 0.00032) dru
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DAMA/LIBRA’s Analysis on COSINE-100 Data
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COSINE-100 

Data!

Opposite phase!

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

π Shifted Cycle Declarations 

Matching phase!
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