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DAMA/LIBRA MODULATION SIGNAL
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THE SMOKING GUN EVIDENGCE ?77?

Statistics: 12.96
Period: 0.999 £ 0.001y*./

Phase: 25t May +/- 5 days -/

(cosine peaking June 2nd)

Convincing non-DM explanation X
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DAMA/LIBRA MODULATION SIGNAL

ENERGY DISTRIBUTION
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DAMA/LIBRA MODULATION SIGNAL
ENERGY DISTRIBUTION
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DAMA IN THE STANDARD SCENARIO

Best fit for scattering off Na

0.04

dS/dER> kg™ days ' keVee ']

—0.01 -
1

10/29/18

0.03
0.02 |
0.01

0}

|||||||||||||||||||||||||||||

my = 8.46 GeV

oS = 1.66 - 107 cm?® |

x> =56.6 (10d.o.f) |

Eg> |keVee]

dS/dES> kg™ days ' keVee ']

Best fit for scattering off |

|||||||||||||||||||||||||||||

m, = 54.3 GeV _
o' =8.46-10"*2cm?
x? =262 (10d.o.f) |

Eg™ |keVee]

Warning: Depends on Quenching Factors
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VWHAT ARE THE UNKNOWNS"?

Astro physics

galactic escape velocity WIMP-nucleon

Dark matter halo €= velocity - distribution cross section
. . . . ( ‘,I.J es C_::) '/,& - \\‘ '/,, - . “\\‘
Velocity distribution AaRrR _ _ Px [ dvif (D) do(U,ER)
dER mNmX ‘:?J-Inl-r—l:} l‘\‘ ," ‘\\. dErr- //'
. . minimal velocity " 77
Particle phy5|cs to produce a recoil ~ A
above ER ~ form factor

Interaction mechanism

- Target material dependence
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STANDARD
SCENARIO
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clarified open M N a I

DAMA/LIBRA
STANDARD LARGE NUMBER PHASE 2
SCENARIO OF DIRECT DM
SEARCHES COSINE-100

<&/ | <&/ ‘ <&/
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clarified open M N a I

DAMA/LIBRA
STANDARD LARGE NUMBER PHASE 2
SCENARIO OF DIRECT DM
SEARCHES COSINE-100
O ' \_/

(ELECTRON RECOILS) LUX

LEPTOPHILIC DM ﬁ Xenon100
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| EPTOPHILIC DARK MATTER
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| EPTOPHILIC DARK MATTER

XENON100 LUX
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PRD 97 (2018)

XMASS: SINGLE-PHASE LXE DETECTOR
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Patras, 2013, Mainz

KIMS (Csl)
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NAI EXPERIMENTS
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South Pole
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“DAMA-LIKE” SETUPS W '

X

10/29/18

X

NAARAYAYA
Nal (T1)

X

Single channel: Scintillation light

- Electron-equivalent energy
scale

-~ No event-by-event

discrimination

between electron recoils and
nuclear recoils off Na and |

Room temperature
Tl-doped crystal

Florian Reindl 21



MuUST HAVE FOR “DAMA-LIKE” SETUPS

* energy threshold of <1 keVee

« radiopure crystal: ~ 1 count / (keV kg day)
~ 600uBg/kg 4°K

@

» large detector mass O (10 kg)

-
27
%

\\}/

 liquide scintillator veto to suppress “°K background

ke * muon veto to reject muon-induced background
I\
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“DAMA-LIKE” SETUPS - CHALLENGES W’

No event-by-event discrimination:
Radiopurity is the key factor

Q: 1504.69(19) keV %gKZ 1

EC*: ~3 keV
10.55(11) %

3keV Auger: in ROI

1460

msswx|  Suppression possible via measurement

y = 100.00% ;gz(:’s%kev N OF ],46Me\/ gamma:
-  Adjacent crystals
_ 40C ° ° ° °
0 20070 * Liquid scintillator
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“DAMA-LIKE” SETUPS - INTERPRETATION

g Na recoils
g 40} %
£ 30| ,!.Pi | Quenching factors are
= I .
£ x| | uncertain
10t 1 . 9
+ Simon 2003 Uncertainty on nuclear
O - DAMA ~+  Jagemann 2006 M
~+  Spooner 1994 -  Chagani 2008 rec0|| energy scale
—10¢ -+ Tovey 1998 - Collar 2013
~+ Gerbier 1999 ~+  This work
10! 102 10°

Phys. Rev. ¢ 92, 015507 (2015)  Energy (keVnr)
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NAI EXPERIMENTS

Enwn?

DM-Ice17 ANAIS-112 COSINE-100 SABRE KamLand-
South pole LSC - Spain Y2L Korea Gran Sasso/Australia PICO
17 kg Nal 112.5 kg Nal KIMS Nal + DM-lce 40-50 kg Nal

106 kg KamlLand/Japan
threshold: 4 keV,, threshold: < 1 keV,, construction phase 1t Nal

threshold: ~2 keV,, .
3.5 y physics run  since spring 2017 PIC'""'"Q/
no hint g~ since Sept. 2016 prototyping phase

~i[ ! \ wHCiEY

[ iy 0 bt T ’ W - L\
& J IR T il
10/29/18 g Florian Reindl
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Spin independent WIMP-nucleon cross section limit *
(59.5 days of the COSINE-100 data)

e Spectrum with known

|
% e NAAD 2000-2003) [ Quenchine factor sources of backgrounds
g N PN R DAMA-Na (30)
§ f - -------- DAMA-I (30) Q(Nay=05, AD=0.09
CTD 8 100 [ COSINE-100 expected (10) « COSINE-100 excludes
COSINE-100 ed (2 )
S : R 100t DAMA/LIBRA-phase1’s
510-‘0 ;— - Exposure: 6303.9 kg day Slgnal as Spln_
@, R independent WIMP with
= T Standard Halo Model in
1074 =
€ = . .
g T ' <standard halo> Nal(T)
. Vo = 220 km/s,
Foep Brofimi o asokme |+ Consistent with null
g [ rreliminary o1 results from other direct
10740 e e e detect experiments with
WIMP Mass (GeV/c?) different target medium
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COSINUS: NAI SCINTILLATING CALORIMETE

L Phonon signal (~90 %)

Therzfl‘_grsn)eter o % (almost) independent of

particle type

Target crystal —— precise measurement of the

COSINUS: Nal
/t deposited energy
icl / A
. pCII'fI.C e Scintillation light (few %)
Inferaction |

Particle-type dependent
- LIGHT QUENCHING
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SIMULATION

100 KG-DAYS BEFORE CUTS

“K contribution (600 w Bq) and flat background 1c/(keV kg d)
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Eur. Phys. J. C (2016) 76:441
DOI 10.1140/epjc/s10052-016-4278-3
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SIMULATION

100 KG-DAYS BEFORE CUTS

“K contribution (600 u Bq) and flat background 1c/(keV kg d)

% . euwsas| Black: B/y-background
g i flat 1c /(keV kg day)
+ 40K: 600uBqg/kg
Na-recoils
Recoils off Na
0
-0.2
0.4F N T I :

Lt ccnbeecn o Quenching factors by
energy keV) V., Tretyak, Astropart.
Eur. Phys. J. C (2016) 76:441 Phys. 33, 40 (2010)

DOI 10.1140/epjc/s10052-016-4278-3
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SIMULATION

100 KG-DAYS BEFORE CUTS

10/29/18

Light Yield

K contribution (600 w Bq) and flat background 1c/(keV kg d)

Na-recoils

I-recoils

10 20 30 40

Eur. Phys. J. C (2016) 76:441
DOI 10.1140/epjc/s10052-016-4278-3

50

I 60 I 70
Energy (keV)

Florian Reindl

Black: B/y-background
flat 1c /(keV kg day)
+ 40K: 600uBq/kg

Recoils off Na
Recoils off |

Quenching factors by
V. Tretyak, Astropart.
Phys. 33, 40 (2010)
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QUENCHING FACTORS

3
2
=
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K=
>
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1.2 5 12
o
S
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0.6 1keV,. threshold (light detection) =—
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0
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recoils off Na - factor ~ 0.3 recoils off Na > factor ~ 0.1

recoils off | > factor ~ 0.1 recoils off | > factor ~ 0.04

Florian Reindl
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Now REAL DATA: 2NP PROTOTYPE

- Thermal link
TES

-« Si beaker as light absorber

- Nal target crystal 66g

Interface epoxy resin

-«—— carrier crystal (e.g. CdWO4)
TES
-

Thermal link
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24TAm GAMMA CALIBRATION DATA

2ND PROTOTYPE (2016/17)

10/29/18

J Low Temp Phys (2018).
.1007/s10909-018-1967-3

arXiv 1711.01482

241 Am

Na-recoils

‘,,.,.,_,,.,,, ------------- P |-recoi| S
| |  Carrier events
10 20 30 40 50 60 70
Energy (keV)

Florian Reindl
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https://doi.org/10.1007/s10909-018-1967-3

TODO LIST FOR A COSINUS DM MODULE

v Operate Nal as cryogenic detector
v Beaker-shaped light detector
v Clean (enough) Nal crystals

dPhonon threshold of 1keV: 10keV—2>8.5 keV-2>6.5keV
 Particle discrimination: Under investigation

Prototype measurement results:

G. Angloher et al. JINST 12 P11007 (2017)
F. Reindl et al., arXiv 1711.01482

Schéffner, K. et al. J Low Temp Phys (2018)
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WHAT COSINUS CAN DO WITH A DM MODU /,

DAMA (&COSINE,SABRE ...?) signal
COSINUS has the unique potential to clarify a nuclear recoil origin

¢
Confirm

O(100kgd) most probably

sufficient

10/29/18

1
o
=
Q
=}
)
o
=)
o

N

Rule-out

O(100kgd): Strong statement
O(1000kgd): Fully model-
independent statement

possible
(Felix Kahlhoefer, FR, et al JCAP05(2018)074)
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Research-Group
Funding for
experimen
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CONCLUSION

TAUP 1997:

DAMA reports first evidence for an annual modulation signal

Nature news (04/2016):
“This will get resolved,” says Frank Calaprice [Princeton, SABRE]

My personal view (10/2018):
This will not take another two decades!
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Understandlnq Bacquound

0 Pb210 (internal) ~—Total MC ~ Internal
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Chang Hyon Ha, Center for Underground Physics, Iégna? 1R e ICHEP2018, Seoul, July 4-11
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WIMP Search, 59.5 days of

S 35 i 10 GeV/c® WIMP 2
g ¢ ~+ Data — Total MC —— Internal 4 » 8
D 3l at2.35x10 ecm* |
i ! — Cosmogenic — Surface — External
) n 80)
2 2.5 :_ + 820
§ - U + sk
8 2;_ S00p=
I c2 |1 c3
1= ‘ preliminary T preliminary
—_r_J_—L\_\_\ ‘_‘1"‘-...1llllll “‘4-...1||||||
0-5:_ g 2 & & 8 w0 2 e '—eu .E‘C 2 & e L] W 12 14 ltf er- .:‘{J
oEaes e —— Overlay of DAMA-Na Signal at 10 GeV/c2
2 4 6 8 10 12 14 16 18 20 - -
Eur.Phys.J. C78 (2018) 490  Eneray (keV) il H

o

2000~

With bkg. understanding, 8 single-hit spectra
are fit simultaneously with an assumed “
WIMP signal (SHM as described in Savage et o
al., Jounal of cosmology and astrophysics),

s +

Note that bkg. understanding consideration _ Co6
from Kudryavtsev et al. Astropart.Phys. 33 h‘\@ preliminary
(2010) 91 e
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C7

preliminary

aadaaa bl

0 12 14 18 1@

Enargy (<eV)
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Only valid for standard assumptions!!!

Florian Reindl
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arXiv: 1808.06177

XMASS: SINGLE-PHASE LXE DETECTOR

Two interpretations of data

2.4 tonne years
Y Bremsstrahlung emitted by Classic elastic

acceleration of nucleus nuclear recoil

AN /

)

XMASS modulation
Bremsstrahlung)

<096 - 1.0- 1.5keV
. -

1072
107%°
1 0—31
1 0-32
107
107
107
107%¢
1 0—37
1078
107
1074
1 0—41
1074

[ = 10 expected
+ 2 o expected /

DM-nucleon Sl cross section [cm?]

XMASS modulation
uclear recoil)

XMASS modulation (2018)
DAMA Nal (2017)
107%

Ux
2017)
andaX-ll
XENON1
2017) 2016)
—44 1 1 1 1

1 1 1 L L 1
2x10" 3x107" 1 2 3 4 5 6 7 8910 20
DM mass[GeV]

No significant modulation
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“DAMA-LIKE” SETUPS - CHALLENGES W’

No event-by-event discrimination:
Radiopurity is the key factor

Example from COSINE-100

3keV Auger: in ROI

~
» O

Data (vetoed)
Fitting
Subtracted “°K

Preliminary

»

-t
cpin_.inminwm

Suppression possible via measurement of
1.46MeV gamma:
 Adjacent crystals

++ [ [ ] [ ] [
Hetttted] e Liquid scintillator
1 2 3 4 5 6 7 8 9 10

Energy(keV)

Count/keV/kg/day
N

o
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COSINUS PERFORMANCE GOALS

Silicon

Nal

10/29/18

Bring Nal-based cryogenic detectors to
level of existing ones (e.g. CRESST-lI):

TkeV nuclear recoil threshold

4% of deposited energy measured as
scintillation light

Florian Reindl
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SIMULATION

100 KG-DAYS BEFORE CUTS

10/29/18

Light Yield

“K contribution (600 w Bq) and flat background 1c/(keV kg d)

., 8ly-band

Na-recoils

WIMP events from simulation

I-recoils

10 20 30 40

Eur. Phys. J. C (2016) 76:441
DOI 10.1140/epjc/s10052-016-4278-3

50

I 60 I 70
Energy (keV)

Florian Reindl

Black: B/y-background
flat 1c /(keV kg day)
+ 40K: 600uBq/kg

Red: 10 GeV/c2 WIMP
with 2E-04 pb as from
Savage et al.
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1 0—39
104

1 0—42
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SIMULATION

100 KG-DAYS BEFORE CUTS

*°K contribution (600puBq) and flat background 1c/(keV kg d)

2 14 ... WIMP events

£ 120 L orrRand, .

2 i ¥w: Energy # Events Fraction
0.8 1-2 keV 1078 45 %
zz 2-6 keV 1262 53 %
02 A— === >6keV 46 2 %
0-0 : -I-recoils TOTAI. 2386 loo %
02 WIMP events from simulation
04

— I1|0I - I2|0I - I3|()I - I4|()I - I5|()I - I6|()I — I70
Energy (keV)

Eur. Phys. J. C (2016) 76:441
DOI 10.1140/epjc/s10052-016-4278-3
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