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Relic DM particles from primordial Universe

. axion-like (light pseudo:
i i e /\ and scalar candidate)
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‘ + DM candidates and scenarios exist on which

accelerators cannot give any information

« Inelastic Dark Matter: W+ N — W* +

— W has 2 mass states y+, x- with &
mass splitting

— Kinematical constraint for the inelasti
scattering of x- on a nucleus
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e.g. signals

from these
candidates are
completely lost
in experiments
based on
“rejection
procedures” of
the em. i
component
their rate

The annual modulation:
a model independent signature for
the investigation of DM particles
component in the galactic halo

... also other ideas ...




A model independent signature is fundamental

A reliable technology to investigate a model independent signature:

* High duty cycle
Well controlled operational conditions
Reproducibility
Long term stability
Effective routine calibrations down to keV in the same conditions as production runs
Sensitive to many candidates, interaction types and astrophysical, nuclear and particle
physics scenarios

Annual variation of the
interaction rate due to Earth motion around
the Sun.

Model
independent

Daily variation of the interaction rate due to Earth
rotational velocity.

For some DM Correlation of Dark Matter impinging
direction with Earth's galactic motion due to the

candidates distribution of Dark Matter particles velocities




With the present technology, the annual
modulation is the main model independent
signature for the DM signal. Although the
modulation effect is expected to be
relatively small a suitable large-mass, low-
radioactive set-up with an efficient control
of the running conditions can point out its
presence.

Requirements of the DM
annual modulation

1)Modulated rate according cosine
2)In a definite low energy range
3)With a proper period (1 year)
4)With proper phase (about 2 June)

5)Just for single hit events in a muilti-
detector set-up

6)With modulation amplitude in the
region of maximal sensitivity must
be <7% for usually adopted halo
distributions, but it can be larger in
case of some possible scenarios

The DM annual modulation: a model independent signature to
investigate the DM particles component in the galactic halo

Drukier, Freese, Spergel PRD86; Freese et al. PRD88
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Vsun ~ 232 km/s
(Sun velin the
halo)

* Vo =30 km/s
(Earth vel
around the Sun)

e v=mn/3, o =2n/T,
T=1year

e fo=2"June
(when vg is

S [n(t)]= j —dE = SOk —I—Sm , cos[a(t—t,)] maximum)

V@(T) = Vsun + Vorb COSYCOS[(D(T'TO)]

the DM annual modulation signature has a different origin and
peculiarities (e.g. the phase) than those effects correlated with
the seasons

To mimic this signature, spurious effects and side reactions must not only be able to account for the
whole observed modulation amplitude, but also to satisfy contemporaneously all the requirements




“:semi-major axis of 1.524 A.U.
« average orbital speed of 24.1 km/s (26 ‘ ; ;
km/s max and 22.0 km/s min). ; '!\J/;vﬁﬁ‘“pe”o& TM’ phase ~ 354 Sols
 eccentricity of the orbit: difference between “in’ the Mars calendar and an
the aphelion and perihelion distances is "_amphtude ~ 5% i'e the S,./S,

0.285 U.A. a-f adopted halo

* orbit inclined of 1.85° with respect to the distribttione

ecliptic. (Mars parameters evaluated by
* tilted axis, inclined 25.19° to its orbital plane Starlink Project)

(Earth’s axial tilt of approx. 23.449)
* period Ty, = 668.6 Sols.

The measurement of DM modulation signature both on Earth and on Mars would strongl
improve our knowledge on astrophysical parameters and therefore on corollary data analys
once the experimental parameters and the other uncertainties were fully under control dn
both the planets, with the needed sensitivity.




DAMA

DAMA/R&D

DAMA/Nal DAMA/CRYS

DAMA/LIBRA-phase1

.

DAMAV/LI BRA-[))hase2
(running

lowering the software
energy threshold

Collaboration:

Roma Tor Vergata, Roma La Sapienza, LNGS, IHEP/Beijing

+ by-products and small scale expts.: INR-Kiev + collaborators from
other institutions

+ neutron meas.: ENEA-Frascati, ENEA-Casaccia

+ in some studies on Bf decays (DST-MAE and Inter-Universities
project): II'T Kharagpur and Ropar, India
web site: http://people.roma2.infn.it/dama

low bckg DAMA/Ge
for sampling meas.
& activities In Stella
facility




Search for 33 decay modes in various isotopes at DAMA and STELLA
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e s S S T— — ——T New observations:

ARMONIA: 2v2B decay 'Mo—'®Ru(04*)  NPA846(2010)143
AURORA: 2v2B-decay '8Cd—"%3n PRD98(2018)092007

Nd,0,-HPGe: 2v2B- decay "Nd—"0Sm(0,*)  NPAE19(2018)95

(partial list)
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 Many competitive limits obtained on lifetime of 23*, e3* and 2 processes (4°Ca, Zn, %Ru, 1%Cd, 08Cd, 130Ba, 136Ce, %Ce,
: : : 180\, 190Pt 1840, 156Dy, 158Dy, ...
» First searches for resonant Ov2e decays in some isotopes y T ’ ’ o)
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The pioneer DAMA/Nal:
~100 kg highly radiopure Nal(Tl)

B e DAMA/LIBRA set-up ~ g
(Large sodium Iodide Bulk for RAre processes)

As a result of a 2nd generation R&D for more radiopure Nal(Tl) by

Poss oit . : : e : ?
« CNC exploiting new chemical/physical radiopurification techniques
+ Elect (all operations involving - including photos - in HP Nitrogen atmosphere)

in log

+ Sear Y ’ S » Radiopurity, performances,
* Exoti A S _ procedures, efc.: NIMA592(2008)297,
. g:g: 1 g dgd \ ' / A\ JINST 7 (2012) 03009

» Results on DM particles,

o Annual Modulation Signature:
EPJC56(2008)333, EPJC67(2010)39,
EPJC73(2013)2648.

o Related results:
PRD84(2011)055014,
EPJC72(2012)2064,

IJMPA28(2013) 1330022,

EPJC74(2014)2827,

EPJC74(2014)3196, EPJC75(2015)239,

EPJC75(2015)400, IJMPA31(2014)

dedicated issue, EPJC77(2017)83
» Results on rare processes:

o PEPv: EPJC62(2009)327,
arXiv1712.08082;

o CNC: EPJC72(2012)1920;

o IPP in 24TAm: EPJA49(2013)64

PSON , .
Inve@ Residual contaminations in the new

Exoll DAMA/LIBRA Nal(Tl) detectors: 232Th,

238 and “K at level of 10'2g/g

DAMA/LIBRA—phasel (7 annual cycles, 1.04 tonxyr) confirmed the
model-independent evidence of DM: reaching 9.30 C.L.



DAMA / LIBRA—phasez JINST7(2012)03009,Universe

4(2018)116,NPAE19(2018)307,

Upgrade on Nov/Dec 2010: all PMTs [N i G
and20(2019)1 NPAE20(4)(2019)3

replaced with new ones of higher Q.F. RISl e R
200,ISBN:978-88-255-2940-1,
N.Cim. C 43(2020)23, PPNP 114
(2020) 103810

Q.E. of the new PMTs:
33 - 39% (@ 420 nm
36 — 44% (@ peak




DAMA/LIBRA—-phase2

Lowering software energy threshold below 2 keV:

e to study the nature of the particles and features of astrophysical,
nuclear and particle physics aspects, and to investigate 2" order effects

JINST 7 (2012) 03009, Universe 4 (2018)
116, NPAE 19 (2018) 307, Bled works. in
Phys. 19 (2018) 27 and 20 (2019) 1,
NPAE 20(4)(2019)17, Aracne Ed., Roma
(2019), pagg. 200, ISBN:978-88-255-
2940-1, PPNP 114 (2020) 103810

e special data taking for other rare processes | » : ‘ '
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o Q

>0.0
S
S
=1
—
S—
=
£ 0
=
N

h

—

6._

Vs o Sa
Energy (keV)

The contaminations:

5 10

¢ \ o L
. e
; .'0 o g © a0
6 A
¥ Mearlk\‘alup ] g

A
PRasell: 7:5%(@:6% RMS)'
Phase2: 6.7%(0.5% RMS)

| | 1

20
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Detector number

226Ra 235y 228Ra 228Th
(Barkg) (mBa/kg)  (Balkg) (mBa/kg)
Mean 043 47 0.12 83
Contamination
Standard 0.06 10 0.02 17
Deviation

WK
(Balkg)

0.54

0.16

The light responses:




DAMA/LIBRA-phase?2 data taking

Second upgrade at end of 2010: all PMTs replaced with new ones of higher Q.E.

Energy resolution @ 60 keV mean value:

prev. PMTs 7.5% (0.6% RMS)
new HQE PMTs 6.7% (0.5% RMS)

| [ Dec 23,2010 - commissioning
g Sept. 9, 2011
I1 Nov. 2, 2011 - 242.5 62917 0.519
v" Fall 2012: new Sept. 11, 2012
preamplifiers installed 11 Oct. 8, 2012 - 242.5 60586 0.534
+ special trigger Sept. 2, 2013
modules. v Sept. 8, 2013 - 242.5 73792 0.479
v Calibrations 6 a.c.: ~ 1.3 Sept. 1,2014
X 108 events from \% Sept. 1, 2014 - 242.5 71180 0.486
v _ VI Sept. 10, 2015 - 242.5 67527 0.522
Acceptance window eff. Aug. 24, 2016
6 a.c.~3.4 X 10°
events (z 1.4 X 105 VII Sept. 7, 2016 - 242.5 75135 0.480
events/keV) Sept 25, 2017

Exposure first data release of DAMA/LIBRA-phase2: 1.13 ton X yr
Exposure DAMA/Nal+DAMA/LIBRA-phasel+phase2: 2.46 ton X yr



DM model-independent Annual Modulation Result

NPAE 19 (2018) 307

experimental residuals of the single-hit scintillation events rate vs time and energy N.Gim. C 43 (2020) 23

DAMA/Nal+DAMA/LIBRA-phase1+DAMA/LIBRA-phase2 (2.46 ton x yr) PPNP 114(2020)103810
2-6 keV Acos[w(t-ty)]
o J <—+—°—— DA\(A\nI(OINoux‘uy—‘—‘——? | ——— DA\L\L]BRA juuj.m ioux\r)-f——» 4——DA\xALlnR,\_.,hzun «ouxm———>
= [i1. ‘H Il Lo : }. oy L , \ . : 3 .
z AN D D5 Mg ik P o SN P Nl
2 I TE R SR dL RS dLah sk diial
BER 2-6kev ]
. 000 2000 3000 00 500¢ 5000 000 .
Absence of modulation? No DAMA/Nal (0.29 ton x yr)
v2/dof=272.3/142 = P(A=0) =3.0x10-10 DAMA/LIBRA-ph1 (1.04 ton x yr) phaseZ: software energy
- DAMA/LIBRA-ph2 (1.13 ton x yr) threshold down to 1 keV
continuous lines: t,=152.5d, T=1.00y total exposure = 2.46 tonxyr
A=(0.0102+0.0008) cpd/kg/keV
2/dof = 113.8/138 12. L.
K /do 3.8/138 S L AE A(cpd/kg/keV) T=2n/o (yr) t; (day) CL
P ' (1-3)keV  0.0184:0.0023  1.0000+0.0010 1537 8.00
/./ The data of DAMA / Nal + DAMA/LIBRA-ph2 (1-6) keV  0.0106%0.0011  0.9993+0.0008  148:%6 9.60
| DAMA/LIBRA-phasel (2-6)keV  0.00960.0011  0.9989+0.0010 1457 8.7¢
+DAMA/LIBRA-phase2 favor the
DAMA/LIBRA-ph1 +
B lesence of et Rk B (2-6)keV  0.0096:0.0008  0.9987+0.0008 1455 12.00
behavior with proper features at DAMA/Nal +
12.9 6 C.L. DAMA/LIBRA-ph1 +  (2-6)keV  0.0103+0.0008  0.9987:0.0008  145+5 12.90
DAMA/LIBRA-ph2




Summary of the results obtained in the additional investigations
ossible systematics or side reactions - DAMA/LIBRA

NIMA592(20 )297, EPJC56(2008)333, J. Phys. Conf. ser. 203(2010)012040, arXiv:0912.0660, S.I.F.Atti Conf.103(211), Can.
J. Phys. 89 (2011) 11, Phys.Proc.37(2012)1095, EPJC72(2012)2064, arxiv:1210.6199 & 1211.6346, |JMPA28(2013)1330022,
EPJC74(2014)3196, 1JMPA31(2017)issue31, Universe4(2018)116, Bled works. In Phys.19(2018)27 and 20(2019)1,
NPAE19(2018)307, NPAE 20(4)(2019)17, Aracne ed. Roma (2019) ISBN:978-88-255-2940-1, PPNP114(2020) 103810

Source Main comment Cautious upper
limit (90%C.L.)
RADON Sealed Cu box in HP Nitrogen atmosphere, <2.5x10-¢ cpd/kg/keV
3-level of sealing, etc.
TEMPERATURE Installation is qir conditioned+

detectors in Cu housings directly in contact <104 cpd/kg/keV
with multi-ton shield— hu ge heat capacity
+ T continuously recorde

NOISE Effective full noise rejection near threshold <104 cpd/kg/keV
ENERGY SCALE Routine + intrinsic calibrations <1-2 x104 cpd/kg/keV
EFFICIENCIES Regularly measured by dedicated calibrations <104 cpd/kg/keV
BACKGROUND No modulafion above 6 keV;

no modulation in the (2-6) keV <104 cpd/kg/keV

multiple-hits events;
this limit includes all possible
sources of background

SIDE REACTIONS Muon flux variation measured at LNGS <3x10-5 cpd/kg/keV

+ they cannot Thus, they cannot mimic the
satisfy all the requirements of observed annual

annual modulation signature modulation effect




Nal(TIl) scintillating detectors

These experiments were motivated to reproduce the more-than-20-years DAMA results. They

are at well different R&D stages, not at the same sensitivity and with marginal exposureswith
respect to the total one released by DAMA so far.

ANAIS-112: 3x3 matrix of Nal(Tl) scintillators 12.5 kg

each to study DM annual modulation at Canfranc (LSC); 1.5 yr
of data taking released (exposure: 157.55 kg x yr)

Korea, after KIMS, joining COSINE =100
kg Nal in Y2L, released 1.7 years

collected with five of the eight crystals Warning: PSD with CsI(T) SN.aI('-FI)
(P60 kg) = 97.7 kg x yr. sometimes overestimated sensitivity;
COSINE-200: plan for a 200 kg | claimed high rejection power, but

set-up in progress. existing systematics drastically limit
6" 1 the realistic reachable sensitivity.

'f-.b::f-‘_', s

] Key points: not only residual
DM-ICE: Nai(T) cecube contaminants but also long-
deployed at the South Pole;  owie /‘ term/high-level stability, etc.

exposure: 60.8 kg x yr

A e ﬂ COSINUS: cryogenic calorimeters with
SABRE: two sites: LNGS in . R oo | hyre Nal; dual readout; R&D phase 50 g to
Northern and SUPL in Southern & —a~ il zm 300 g but scintillation different from standard
hemisphere (but the DM annual 2 """ temperature and doped conditions.

modulation does not depend on seasons, - .
i.e. on the hemisphere): Proof of < " DAMA/LIBRA: towards further lowering

Principle (PoP) taking data the software energy threshold
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COSINE-100 (97.7 kgxyr)

COSINE-100, 1.7 yrs
+— Single-hit
Multiple-hit
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= . : : . :
~0.049 5 10 5 20
Energy (keVee)
Energy Experiment Exposure Rate Amplitude
interval ton x yr (cpd/kg/keV) (cpd/kg/keV)
DAMA/LIBRA (ph1 + ph2) 2.17 0.8 0.0095 + 0.0008
(2,6) keV  COSINE-100 0.098 3.0 0.0083 + 0.0068
ANAIS-112 0.16 3.2 - 0.0044 + 0.0058
DAMA/LIBRA-phase2 1.13 0.7 0.0105 +£0.0011
(1,6) keV
ANAIS-112 0.16 3.6 -0.0015 + 0.0063

DAMA-LIBRA is still much better than any other Nal experiment
for exposure time, for exposed mass, for background, and for COSINE & ANAIS have not sufficient
energy threshold and control of all the experimental parameters

Other annual modulation results with Nal(TI)

o nu Ld
= J . nw:ionh 5 - 8 .
> o5/ ¢ . ©
a - I . . . vV . o
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% : o
3,0-041 2
B | —e— this result
© L
S 0.02 —=— DAMA/LIBRA phase2
= | ;+ b :
@ ok + *t‘!'#’F% 4* ﬁ#ﬁ
0.02f +
i ANAIS 112 (157.55 kgxyr)
-0.04}-
0.0 : PRL123,031301(2019)
N PRREE ST S ST SR U N U S SH T N SR S T
0 5 10 15 20
energy (keV)

Amplitude (counts’keVikg/day)

— 1

20
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sensitivity to DAMA signal



Goal: Search for DM through the
annual modulation of the
experimental rate in Nal target
Strategy: Low background
(high purity crystals + active

veto), Low threshold, Twin
Detectors

Project phases:

C] PHASE |: SABRE PoP (1 crystal) - now taking data @ LNGS
| PHASE II: SABRE full scale, SABRE North@LNGS and SABRE South@SUPL (Australia)

Test set-up in hall B, Nal-31

e cdam Y
o -
*=m “Fo
— Pt Rt 10um e P TelOn um
p—— Y | — T

[y
1

Rate [cpd/kg/keV)

Data-Fito
N ON 2

30 50 60 70 80 90 100
Energy [keV]

SABRE crystals: Nal-31(grown
in a standard quartz crucible,
3.5 kg after polishing), Nal-33
(grown in a high purity
crucible, 3.4 kg after polishing).
They are are directly coupled to
ihec SmbuAt o K arndl thor By C. Tomei, PMTs and mounted in a air-

contaminants will allow us to have a H
faster test of the veto rejection CdSs |ug||0 Roma tlght copper enclosure.

» We inserted first crystal Nal-31 as the

» Start data taking July 3rd 2020
10



- About interpretation

...and experimental aspects...

* Exposures
*Energy threshold
*Detector response(phe/keV)

-Energy scale and energy reso
‘ 21NN e == b . -
g 0 :

...models...

* Which particle?
* Which interaction coupling?
* Which Form Factors for each target-

o mz terlal"
1n Factor?
ar 1 !,‘- fra

-ﬁfeters and necessary assumptions on various related
;physms aspects, affect aII the results at various extent

bott "‘tern‘w';

a d parameters values are intrinsically strongly uncertain.
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The case of the Nal(Tl) quenching factors (QF)

The QFs are a property of the specific detector, particularly in the very low energy range.

For example in Nal(Tl), QFs depend on the adopted growing procedures, on Tl concentration and
uniformity in the detector, on the specific materials added in the growth, on the mono-crystalline or
poly-crystalline nature of the detector, etc.

Their measurements are difficult and always affected by significant experimental uncertainties.

All these aspects are always relevant sources of uncertainties when comparing whatever results in
terms of DM candidates inducing nuclear recoils.

ANIRN

ANERN

+ QF depending on energy + channeling effects
+ Migdal effect

“AP108(2019)50
- Spocner 1994 « Collar 2013 (Na)
Tovey 1998 Coltar 2013 (1)

Gerbier 1999 5 Xu2015 * A wide spread existing in literature for different Nal(Tl) productions
a S er 2007 mon
o ?rt:-? :heagx:remen:ma) o gﬂaqario’:‘):oe

= Ths measurement () " | * Thisis also confirmed by the different o/ light ratio measured
with DAMA and COSINE crystals. This implies much lower QFs
I s at keV region for COSINE than DAMA.
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Quenching Factor (%)

‘ P T Tl =
ok T ] ‘ 250 45 COSINE

Energy (MaV
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: 2 "
CURIOSITY: Recent productions (generzlly Example: 2 keVee of DAMA #2 keVee of COSINE-100
by Bridgman growth) yields low QF... for nuclear recoils
The model dependent analysesand £, . . | 05

comparisons must be performed 2000 3000 4000 5000 oh OB BB 265 27 o5 28 285

. h d f h E (keV) Charge weighted mean time (ps)
using the QF measured for eac Alphas from 238U and 232Th chains span from 2.6 to 4.5 MeVee

detector. in DAMA, while from 2.3 to 3.0 MeVee in COSINE

Energy (keV)

T(Nns)

150




Model-independent evidence by
DAMA/Nal and DAMA/LIBRA-pht, -ph2

well compatible with several
candidates in many astrophysical,
nuclear and particle physics scenarios

O
o O
~ 0.06
z a 50 GeV
= 0.04 Evans’ logarithmic
io.oz
SE 0 e |
v 0 2 4 6 8§ 10 12 14 16 18 20
Energy (keV)
~ 0.06
ﬁ 0.04 Evans’ logarithmic
io.oz ety
38 0 A AA+_A_+++ ade NP, —o—xj
w 0 2 4 6 8 10 12 14 16 18 20
Energy (keV)
LDM with coherent

scattering on nuclei

0 2 4 6 8 10 12 14 16 18 20

Energy (keV)

Just few examples of interpretation
of the annual modulation in terms of
candidate particles in some model
dependent scenarios

~ 0.06
Z c 15 GeV
a 0.04 Isothermal sphere
i 0.02 (channeling)
3& 0 = 1
w 0 2 4 6 8 10 12 14 16 18 20
Energy (keV)
2 006 20 GeV
e
% 0.04 d Evans’ power law
i 0.02 (channeling)
8 0 . v - e
|
s 0 2 4 6 8 10 12 14 16 18 20
Energy (keV)
LDM with m,=0 GeV
(6=m,)
8 10 12 14 16 18 20

Energy (keV)



(after recent DAMA/LIBRA-ph2 data release

Examples of model-dependent analyses

NPAE 204) (2019) 317, Bled
works. in Phys. 20(2019)1, N. Cim.
C 43 (2020) 23, PPNP 114
(2020)103810

A large (but not exhaustive) class of halo models and uncertainties are considered
DM particles elastically scattering off target nuclei — SI interaction

0 (A.Z)xn (ADM)[ [, Z+ f,(A-2)]

1n |
4
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e
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m !

1 110

my,,, (GeV)

1. Constants q.f.
2. Varying q.f.(ER)
3. With channeling effect

Even a relatively small
SD (SI) contribution
can drastically change
the allowed region in

the (mpyy, & Os145D)
plane
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Case of isospin violating SI coupling: f,# f,
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m,,,. (GeV)

Ggp = 0.02 pb
Ty = 0.04 pb
Gy, = 0.05 pb
Gy = 0.06 pb
Gy = 0.08 pb

10

~T1o 10
Mgy (GeV) My, (GeV)

» 'Two bands at low mass and at higher mass;

» Good fit for low mass DM candidates at
fn/fp ~ -53/74 = -0.72 (signal mostly due
to 2*Na recoils).

» 'The inclusion of the uncertainties related
to halo models, quenching factors,
channeling effect, nuclear form factors,
etc., can also support for f,/f,=1 low mass
DM candidates either including or not the
channeling effect.




DAMA /LIBRA: main last activities

1) DAMA/LIBRA-phase2 is continuing its data taking,

2) Model dependent corollary analyses for DM particles also including
DAMA/LIBRA-phase2 results published and presented at

conferences/seminars.

3) New electronic modules to further improve the performance of the experiment
at low energy developed.

4) R&D studies towards the lowering of the software energy threshold below
1 keV with high overall efficiency have been progressed:

» The new system voltage divider with preamplifier on the same base has been

applied.

» 8 new metallic PMTs developed by HAMAMATSU: R11065-20MOD have
been installed in DAMA/LIBRA set-up.

» Tests are ongoing,
» Alternative cheap possibilities in DAMA /LIBRA-phase2 are under study too.

5) Studies on other DM features or second order effects, and other rare processes
(also with dedicated data taking) in progress.

of DM peculiarities and in the search for rare processes

{ Upgraded DAMA/LIBRA can play an unique role in the future, both in the investigation J




On the R&D in progress

- to lower the software energy threshold
below 1 keV with high overall efficiency

new miniaturized low background pre-amps directly installed on the
low-background supports of the voltage dividers of the new lower

background high Q.E. PMTs

4+ DAMA/LIBRA-ph3 (hyp.: 6 yr, E;,.=0.5 keV)

~ 0.06
- : . + DAMA/LIBRA-phase2 (12yr
2 0.04) phasez (12yr)
iﬂ X
= 0.02:
Y
= E , , B PR T T T T YT SRNT W T TN TR ST TN AT YT TR VNN WA NN NN SN N W S UNE N AT AN RN
xn 0 1 2 3 4 5 6 7 8

The presently-reached metallic PMTs features: Energy (keV)
« Q.E. around 35-40% @ 420 nm (NaI(T1) light)

« Radio-purity at level of 5 mBq/PMT (*’K), 3-4 mBq/PMT (32Th),
3-4 mBq/PMT (%U), 1 mBq/PMT (**Ra), 2 mBq/PMT (*’Co).

* Dark counts < 100 Hz

The features of the voltage divider+preamp system:
S/N improvement =3.0-9.0, discrimination of the single ph.el. from
electronic noise: 3 — 8, the Peak/Valley ratio: 4.7 - 11.6; residual
radioactivity much lower than that of the single PMT.
If the tests will be satisfactory we plan to replace all PMTs,
otherwise the electronics (TD + voltage divider + preamp.)
upgrade is planned

* several prototypes frc
R&D with HAI

.,A,‘

1ew PMTs as
2 referees




‘ Features of the DM signal \

Investigated by the different stages of DAMA; advancements
foreseen with further DAMA/LIBRA improvements

The importance of studying second order effects and the annual modulation phase

High exposure and lower energy threshold can allow

further investigation on:

- the nature of the DM candidates

- possible diurnal effects on the sidereal time

- astrophysical models

The annual modulation phase depends on :
* Presence of streams (as SOgDEG and Cani

Major) in the Galaxy
* Presence of caustics

» Effects of gravitational focusing of the Sun

PRL112(2014)011301
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| Directionality: the ADAMO project I

A neutron generator at ENEA-CASACCIA Lab. and
neutron detectors to tag the scattered neutrons have been
used to measure the anisotropic response to nuclear recoils

Measure of quenching factors for nuclear
recoils for different crystallographic axes
and nuclear recoils energies

First measurement of anisotropy for
recoils in energy region down to some

hundreds keV (5.4 ¢ C.1..)

Further measurements with the same experimental
set-up planned in the near future

nuclear recoils

Eur. Phys. J. A 56 (2020) 83

Anisotropic scintillators can offer a
unique possibility to exploit the
directionality approach in order to
investigate the presence of those
Dark Matter candidates inducing
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D z‘aﬂn’ﬁ a lower energy threshold ongoing in

order e.g. 1o determine modulation parameters with

brecision (in particular the phase wich

es important information) and to disentangle
among different DM scenarios
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