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1 Performance goal

• Eth = 1 keV (5 σPhonon)
• σPhonon = 0.2 keV
• σLight = 0.11 keVee

• 4% of  deposited energy 
measured as light

Gross exposure: 100 kg-days 

Background:
• 1 cts/keV/kg/yr
• 600 µBq 40K

Light quenching factor
(from Tretyak, Astropart. Phys. 33, 40 (2010))
• Na  0.3 
• I  0.1 

(Mχ= 10 GeV/c2)

HEAT SIGNAL

LIGHT SIGNAL
LIGHT YIELD =

2



UNKNOWNS:
Astrophysics
Particle/Nuclear Physics
Detector Properties

Target material dependence:
test DAMA with NaI experiment(s)
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DAMA COSINE ANAIS COSINUS

Threshold 1 keVee 2 keVee 1 keVee Phonon det. 1 keV
Light det. :  600 eVee

Mass 250 kg 106 kg 112 kg 11 kg (COSINUS-2π)

LY 6.0 -10.0 ph.e./keV (phase2) 15 ph.e./keV 15 ph.e./keV 32 ph.e./keV

Particle ID NO NO NO  YES

 particle identification capability
 reliable energy scale (independent from the uncertainties on the QFs)
 better energy resolution
 lower threshold for nuclear recoils

COSINUS advantages: 
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Halo-independent constraints

• Blue spin-independent scattering

• Light brown  any recoil spectrum falling
with energy

• Dark brown  exclusion (95% C.L.) without
presuming any model on the dark matter halo
or interaction properties except for the
assumption that dark matter induces nuclear
recoils.

COSINUS-1π  100 kg days:   exclude the DAMA region by about two orders of  magnitude under standard assumption
10 crystals, 50 gr each 1 year of  data taking

1000 kg days: 95% C.L. exclusion in a model independent way
20 crystals,   50 gr each 3 year of  data taking, 
20 crystals, 150 gr each 1 year of  data taking

COSINUS-2π search for modulation
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STATUS:

• NaI threshold about 5 keV  (design goal –> 1 keV)
• LD resolution 15 eV (goal achieved)
• 13% measured in light in pure NaI (design goal was 4%)

10% measured in Tl-doped NaI
• Good radiopurity                                  (goal achieved)

…Ready to start!
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Water Tank

Cherenkov Muon
Veto System

Dry well

Shielding

Cryostat

Detector
COSINUS-1π: up to 24 detectors 

(50 - 150 gr each)
COSINUS-2π: up to 72 detectors 

(50 - 150 gr each)

Paper ready to be submitted to EPJC
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Proposal submitted to LNGS Scientific Committee in March 2019
Letter of  Intent submitted to CSNII in June 2019
LNGS TDR  October 2019 LNGS Scientific Committee 
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Institute for High Energy Physics Austrian Academy of 
Sciences and Technical University Vienna, Vienna
F. Reind (Spokesperson)
J. Schieck
S. Fichtinger
M. Friedl
A. Fuss
D. Schmiedmayer
C. Schwertner
M. Stahlberg
PhD Student

SICCAS - Shanghai Institute of  Ceramics, Shanghai
Y. Zhu

GSSI
N. Di Marco  (National Responsible)
F. Ferroni
A. Puiu
V. Zema

INFN - LNGS
S. Pirro
M. Balata
P. Martella

INFN - Sezione Roma 1
I.Dafinei

Department of Physical and Chemical 
Sciences - University of L'Aquila
A. Filliponi
G. Profeta
M. Nardone

Helsinki Institute for Physics
Agreement on participation (@ July 2019)
Concrete discussion on cryogenic expertise (@September 2019)
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What happens if COSINE/ANAIS in 2022/2023

confirm DAMA do not confirm DAMA

OK. Still DAMA is there. Still DM to discover.
And what about energy scale? 

- What is DAMA «signal»? Systematic? New background? Being in the same location is an
advantage

- Systematic in ANAIN/COSINE? Energy scale for DAMA, COSINE and ANAIS indeed
depends on QFs, which in turn could depend on Tl concentration.

In contrast, COSINUS measures the energy scale with the phonon signal, which is
independent from light quenching. Thus, the COSINUS goal threshold (1 keV) is always lower
than that of competitors even for the unrealistic assumption of no quenching (QF=1)

- We can definitively increase the mass and do DM modulation search

More attractive scenario (obviously): 

Then we definitively need an other
technique (but same target material) to cross
check the signal, the energy scale and
discover if the signal is in the electron or
nuclear recoil band (= study the interaction
properties).
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Quenching factors are uncertain 


Uncertainty on nuclear recoil energy scale
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recoils off Na  factor ∼ 0.3 
recoils off I  factor ∼ 0.1 recoils off Na  factor ∼ 0.1 

recoils off I  factor ∼ 0.041keVee threshold (light detection) 
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arXiv:1907.04963v2 [hep-ex]

Y. J. Ko (COSINE-100 ) @ TAUP 2019
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NaI: Phonon dispersion

Longitudinal  
Optical (LO)

Transversal  
Optical (TO)

Acoustic  
Phonons (TO)

Vibrational gap

CsI: No Vibrational gap

MNa=23 amu MI=127 amu MNa / MI =0.18

MCs=133 amu MI=127 amu MCs / MI =1.04
18
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U(x)=K2 x2 + K4x4

Localized  
vibrations

Event in the  
Central atom:

Large displacement

Event in the  
Central atom:

Large displacement
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Intrinsic localized modes observed in the 
high-temperature vibrational spectrum of
NaI., Phys. Rv. B 79, 134304 (2009).
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Event in the
Central atom:  

Large displacement

Localized

De-localized
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18N. Di Marco

Stainless steel water tank
• Height = 7 m
• Diameter = 7 m
• Thickness = O(8 mm)  

Radiopure stainless steel
dry well
• Diameter = 580 mm
• Height = 3580 mm

• Holding dilution
refrigerator (350 kg) and 
Cu shielding (1350 kg)  
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Facilities

Platform:
Faraday cage
Clean Room (ISO7)

Building: 
Infrastructure for refrigerator
Working area
DAQ electronics
IT infrastructure
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Lifting system
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Simulation of individual background sources:
• Neutrons: - Cosmogenic(muon-induced)

- Radiogenic (radioactive contaminations in shielding materials)
- Ambient (flux at laboratory due to rock radioactivity)

• Gammas: - Ambient (flux at laboratory due to rock radioactivity)
- Intrinsic/Radiogenic (radioactive contaminations in shielding

materials)

LNGS ambient neutron and gamma fluxes from literature
Intrinsic material contamination levels (steel, H2O, Cu, Pb, PE) from GERDA, 
Xenon and CUORE experience

MUSUN + GEANT4 codes
SOURCES4C code
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• 5 different shielding options considered

1 2 3 4 5
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Estimate an “optimum“ number and arrangement of PMTs in the water tank

• Create photon hit pattern on wall and bottom of water tank
• Estimate tagging efficiency for different PMT arrangements and trigger conditions
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18 – 28 PMTs 
5-fold PMT coincidence with a trigger on the single 
photoelectron within a time window of a few 100 ns.
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