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S
Research Activities

Dark Matter:

* SABRE: SABRE North (LNGS, Italy), University of Milan, Italy. SABRE South, (SUPL, Australia),
BN University of Adelaide, Centre of Excellence for Dark Matter and Particle Physics, Australia.

e Cygnus (SUPL, Australia), University of Adelaide, Centre of Excellence for Dark Matter and
Particle Physics.

Cosmic-rays:

* LAGO (South America), University of Turin, Italy.

\ 4

Astroparticle
Physics

* ARGO-YBJ (YangBaling China), University of Pavia, Italy.

Neutrinos:

\ 4

* Solid (BR2, Belgium), University of Nantes and SUBATECH laboratory, Nantes, France.

* Borexino (LNGS, Italy), University of Milan, Italy.
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e
Outline

e Dark Matter.

* Direct detection through Dark Matter modulation.

 The SABRE South experiment at SUPL laboratory (Australia).
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I
Dark matter: a problem with a long history...

Lord Kelvin (1904) Henri Poincaré (1906) Albert Einstein (1921)
Found a difference between the estimated “Since [the total number of stars] is Studied star clusters.
mass of the galaxy (from observed velocity comparable to that which the telescope
dispersion of the stars) and the stars we can gives, then there is no dark matter, or at “The non luminous masses contribute no
see. least not so much as there is of shining higher of an order of magnitude to the
There was a difference between that mass matter.” total mass than the luminous masses.”

and the stars we can see.

“Many of our stars, perhaps a great
majority of them, may be dark bodies.”
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Dark matter: further strong evidence

Vera Rubin (1970s)

3 Grappling with the “galaxy
., otation problem” (galaxies

didn’t have enough observable
stuff in them to stop them from
flying apart), Vera Rubin
calculated that galaxies myst
contain at least six times more
mass than what's observable.

|

T

Without additional mass in the
galaxy, to pull those stars in, they
should be flung off into space!

The result was the same in other
galaxies.
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What is the Universe made of?

"""" woa i+ @ Rotation Curves
iy

......

w. . . Dark Energy
i M3 romation ourve 68 %

¢ Clusters of galaxies

Dark matter is
approx. 5 times

Dark Matter the ordinary
27% matter!

*CMB

OBSERVATIONS

Atoms
5%

*Type la Supernovae

‘ ‘ [statement valid now, and on very large scales]
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What is the Universe made of?

Posti & Helmi, A&A 621,A56 (2019)

Dark Matter

) V;'f:"' -
Tz Dark Engrg‘Y ;%w'\z*?;‘*
| Y Dark Matter
e 27%
oms

5%
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What was the Universe made of?

At BBN

Neutrinos

55%

i cpuge 9
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What was the Universe made of?

About 380,000 years after the Big Bang, matter cooled enough for
electrons to combine with nuclei to form neutral atoms
(recombination). The light that was released at this time is detectable
today in the form of radiation from the Cosmic Microwave Background.
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What was the Universe made of?

At BBN At recombination

Neutrinos Dark Matter

l'
10%

63%

(

Photons
55% 12%

ARC CENTRE OF EXCELLEN!

y\l% THE UT\JI\‘/“;ERSITY
;EIFEWSEQ@ o ADELAIDE 13

l. Bolognino - Dark Matter direct detection




What was the Universe made of?

At BBN At recombination

Neutrinos Dark Matter
5 63%

otons
15%
QA i
Atom trinos
10%

55% 12%
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Today

Dark Energy
68%

Atoms
5%

- Dark Matter
27%
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Beyond the Standard Model (BSM)

 The Standard Model describes three of
fundamental
forces (electromagnetic, weak and strong
Universe
classifies all known elementary particles.

the four known

interactions) in the

* It does not explain:
o Gravity;
o Neutrino masses;
o Dark Matter.

ARC CENTRE OF EXCELLENCE FOR

Standard Model of Elementary Particles

interactions / force carriers

three generations of matter
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The challenge

Neutrino Electron

l ®

10-21eV peV meV eV keV MeV GeV TeV PeV

[ i | i
’ ) ' )

Wave-like Particle-like

Very large hypothesised mass range!
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Dark matter candidates

Standard- Sterile

model neutrinos
neutrinos

Neutrinos

Dark matter

Macroscopic

Primordial

ARC CENTRE OF EXCELLENCE FOR
black holes

| 2 THE UNIVERSITY
PARTICLE PHYSICS l. Bolognino - Dark Matter direct detection 17 #ADELAIDE



Dark matter is expected to form a stationary halo around the galaxy
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Dark Matter Annual Modulation

-

-

e Annu

dulation having 1 year as a period

‘minimum  expected on god

e ~ dueto th"e@%;\ motion around the Sun.
Galactic center < um an

-
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Dark Matter Annual Modulation

WIMP flux

December

\ v
June

WIMP ﬁ(t) — So(ER) + Sp(Egr) cosw(t — to)

Rare and low energy events:

» expected WIMP-nucleon o ~ 1048 - 1040 cm?

» very low expected rate < 1 count/day/kg (few% of which
modulates)

» expected recoil energy is 1-100 keV for a WIMP of mass 10-1000
GeV/c?
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Annual modulation is a model independent signature of Dark Matter interaction, but conk=

Standard halo model hypothesis: spherical halo of
cold, dark matter (WIMP particles) permeating the
galaxy

Local energy density pywivp ~ 0.3 GeV/cm3

Maxwell velocity distribution

Y

Annual modulation: maximum and minimum
expected on June 2" and on 2"d December

A

LT December

=

o

=)

@) we need ~ 1000 events

O June to detect the variation
> ER

seasonal variation of the rate spectrum

| of

TTER modulating background is key
PARTICLE PHYSICS
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The DAMA/LIBRA claim

The DAMA/LIBRA experiment has observed a modulation for about 2 decades:

* located at Laboratori Nazionali del Gran Sasso, Italy

e total mass: 250 kg of Nal (TI).

* observed ~0.01 cpd/kg/keV modulation in the 1-6 keV (second phase) energy range
 12.9 o significance

Cu, Pb, polyethylene shielding

1.3 keV
; ke : D.\.\l-.'\IT‘IBK-\pIN\;Z-ZMﬁz (I.I.ilqnﬂ'l‘) T T TTITT] L B LR | | LIS R RLALL | T T T TTTIT] | S FLRLE]
,; o4 ™ 1()_;;(, il =
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z 10~
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z_.,._ PO USRI SRR S ——— | - | P | ,’\l—l()
6250 E50( 0 ) ( 82" T —
Time (d = )
() B 1072k
2
1.6 keV =10~ 4|-
2 e DAMA/LIBRA phase2 =250 kg (113 tom<yr) b SuperCDMS .
- ( ]()—-IG_ \
E;
3 =
-~ 8 N o TN (proit .
ﬁ -0.0 10 o '\.\._.___'__.—-—-"\T\\{\\“ \ —
- »
[ - -
= ‘ 0 50 L1 1aunl Ll ] 1||1|||I_ ] 1111111]7 L1l
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Bernabei et al. PPNP114103810(2020) 1y [GeV/c?]
| | https://github. com/calohare/NeutrmoFog s
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https://github.com/cajohare/NeutrinoFog

Current running Nal(Tl) detectors

COSINE 9% uncert e Tension (<30) between DAMA and ANAIS.
IU lmm_r' * Neither ANAIS nor COSINE have significant
Muon detectors ' discovery or exclusion of DAMA.

- ~r+ (statonl
3 em Cu e O uncert. ( y)

At s . | —> Additional search with lower background rate
iquid scintillator lo uncert.

Im u Nal Cl'ystzls 0 L I L l | L l L I LI l | L I I I L
DAMA [2-6 keV,. ] i -m= -
» : N
COSINE [2-6 keV, ] o B —_— -
Phys. Rev. D 106,052005 (2022) B | i
. | _
. . [ | -
ANAIS ANAIS [2-6 keV,.JF —_— -_
Muon detectors B : i
DAMA [1-6 keV.]F : - m 3
5 n i :
$8C \ 40 cm water and COSINE [l—('i k('\',.,.l :— |— PS e —:
PE shielding - : -
112 kg Nal crystals ANAIS [1-6 keV.JF — ¢ | -
e——30cmPb n : .
| — l -
¥ =7 A T U U T T T W T U T T N N N N S
B B —0.020 =0.015 =0.010 —=0.005 0.000 0.005 0.010 0.015 0.020
Phys.Rev.D 103 (2021) 10,102005 DAMA results: Bernabei et al. PPNP114 103810 (2020)
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Interaction Mechanism

X

e —

<

Not all of the energy imparted into the recoiling nucleus is transformed into a detectable signal.
Reconstruction of recoil energy -> understanding of quenching factor (QF).

QF converts the nuclear recoil energy into the electron equivalent energy (the units of the detector).

Change of QF has a strong influence on the observable rate. o oSk, arxiv:
g 0.1 :
>
Changing relationship between NR and observed 2 -6 keVe. DAMA region o)
energy means the 1-6 keVee observable region of & oos
interest is “accessing” different parts of the nuclear © 1-6 keV._ Stiegler region
recoil energy spectrum. 006
This effect will impact any nuclear recoil signal in a
Nal(Tl) detector, not just DM. 0.04
Nuclear recoil
It is possible that this effect depends strongly on the SPEthumfor'\z'a
optical properties of the crystal, and if so then  oe m, = 10 GeV/c
different growth methods can impact results.
ARC CENTRE OF EXCELLENCE FOR 0 \ |
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Eye (keV, )
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I
Quenching Factor Impact

Can use results presented by COSINE [1] to understand how different QF combinations impact exclusion of DAMA

S — — [~
a 8
S 10 = — DAMA/LIBRA '2'10‘3 = — DAMA/LIBRA
2 &k = k
8 5. COSINE-100 S D — COSINE-100
s o) k&
e 3 I
g 104 g 104
(&) = > -
S B New QFs (é =
“— ~ Q -
5 [ B |
a 10° a 10°
g g DAMA QFs ™. § g
7 A - S n
10_6 =T 1 | R R ST | 1 106’—1 | o | 1
10 1 g
WIMP Mass [GeV/c?]

10? l
WIMP Mass [GeV/c?]

Assuming detectors have the same QF (either

: . Assuming detectors have different QFs
the solid or dotted lines)
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[1] Adhikari et al. JCAP 11 (2019)
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The SABRE Collaboration g

The ambitious program of SABRE foresees two detectors in two underground locations:
* SABRE North at Laboratori Nazionali del Gran Sasso (LNGS) in Italy
e SABRE South at Stawell Underground Physics Laboratory (SUPL) in Australia

PRINCETON ? T e K E K
UNIVERSITY -

Research Organization

INFN

LNGS

Istituto Nazionale di Fisica Nucleare [
Laboratori Nazionali del Gran Sasso

Y —

THE UNIVERSITY OF
MELBOURNE

~

Australian
National
University

7=\ _STAWELL

(@) UNDERGROUND
NZT SIS D [
SYDNEY

R ~— g
i . ; '

\ 2, TS & THE UNIVERSITY

UNIVERSITA
DEGLI STUDI
DI MILANO

UNIVERSITA P 4
SALENTO
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R
The Stawell Underground Physics Laboratory

* SUPL is the first deep underground lab in the Southern Hemisphere (37° South) located in western
Victoria, 500 km from Adelaide.

e Lab is about 1 km below ground with flat over burden within the Stawell Gold Mine = The muon flux
expected at the SUPL laboratory is one million times less than what detected at the ground level.

* Lab construction finished in mid June 2022, ready in 2022/2023.

Adefeides et - | W TGRS ot * The walls of the mine contain trace amounts of radioactive

£ e e elements like Uranium and Thorium which decay into radon
gas that produces additional counting rates (gamma-ray) in
the detector through its daughters.

L A Stawell

* Walls pinned with steel, sprayed with low radioactivity
. Nelboume shotcrete and coated with Tekflex.
"tggurne

* Environmental background measurements.

e
PARTICLE PHYSICS
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Very Low Background Radiation Environment

e Direct Dark Matter Detection.
e Other low background Particle Physics Detector Development

e Llow background nuclear spectroscopy

10_5;'['II'T]ITIIITI'III']IIIIIIII'I
laboratory E N
-6l N \ \
o HPGe spect.rometers. ] g 10 ? !Ipp‘ s, LSC Mountain overburden 3
 Quantum device measurement (reduction of & _ Soudaita ‘Kamloka :
. 'y 1077 F el Ry -
cosmic ray upsets) é? : B°“1,‘§{ ;i S LNGS :
o Proposal for multi-user Dilution Refrigerator = E 1078 \- - LSM
installation underway. 3 o SURF ™~ ;\‘-‘f\
. N . . . . - S e S5 CJPL
* Possible low-radiation studies in biological 1077F SNOL‘AB‘ ~{,_
systems. 1O_loE.'l....l....|....|....|....|...\.“|
* Geology and seismic studies. 1 2 3 4 5 6 7
Vertical overburden depth [km.w.e.]
R . . . THE UNIVERSITY
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The Stawell Underground Physics Laboratory

o

Planned SABRE
position

N
[ 1
@F:\ Eﬁm =
I
Clean entry b

—‘i; = A Experimental hall 10mx30m

BR e 10-12m height /
PARTICLE DHYS'ESx v
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The SABRE Collaboration ‘\;}

SABRE North and South detectors have common core features:

Same crystal production and R&D.
Same detector module concept (ultra-pure crystals and HPK R11065 PMTSs).
Common simulation, DAQ and data processing frameworks.

Exchange of engineering know-how with official collaboration agreements between the ARC Centre of Excellence
for Dark Matter and the INFN.

SABRE North and South detectors have different shielding designs:

® SABRE North has opted for a fully passive shielding due to the phase out of organic scintillators at LNGS. Direct
counting and simulations demonstrate that this is compliant with the background goal of SABRE North at LNGS.

® SABRE South will be the first experiment in SUPL, the liquid scintillator will be used for in-situ evaluation and
validation of the background in addition of background rejection and particle identification.

P N
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onthé.

: : . 30  THE UNIVERSITY
l. Bolognino - Dark Matter direct detection +#ADELAIDE

@o)ugfor the full SABRE experiment has been drafted and will be signed in the following



The SABRE Collaboration ‘\;}

SABRE North and South detectors have common core features:

Same crystal production and R&D.
Same detector module concept (ultra-pure crystals and HPK R11065 PMTSs).
Common simulation, DAQ and data processing frameworks.

Exchange of engineering know-how with official collaboration agreements between the ARC Centre of Excellence
for Dark Matter and the INFN.

SABRE North and South detectors have different shielding designs:

® SABRE South will be the first experiment in SUPL, the liquid scintillator will be used for in-situ evaluation and
validation of the background in addition of background rejection and particle identification.

P N
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A MoU for the full SABRE experiment has been drafted and will be signed in the following
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Exclusion of seasonal effects

* The site in the Southern hemisphere is important to exclude seasonal effects.

* The seasons are reversed from those in the Northern Hemisphere - muon modulation maximum is on

2" December; minimum is on 2" June. Surface Undergiotnd, 3.0 ke 6

£ 25— Borexino Muon Data g‘g .
& —— ECMWF Temperature Data | § © : 3
() 20 ' ' ' ' £ 4 5
E ' ' ' ' £ 2 0 §
£ 2o >
o c_2 -2 =
E 15 W K
S 3 :
- 8
I .
3 10 ‘°Juu2014 Beci2014  Jul2015  Jani2016
o

North _ _ South

— §,,=0.0000 S,,=0.0000

6000F ——— Ba=0.0117 [ — n,, -0.0117 16000
[ T — = 100 Ax a=0.0117 ry= 1.00, Asd.. 00 i
P

1 15800

Modulations of the cosmic muon signal in ten years of Borexino

data S600 300 7 300 300 600
M. Agostini’, K. Altenmiiller’, S. Appel', V. Atroshchenko?, Z. Bagdasarian®, D. Basilico?, G. Bellini T]IIIC (da} .S) Time (}dtl}"S)

J. Benziger®, D Bick®| I. Bolognino + Show full author list

5 D/\QT CLE DHYQICS\

" ) ] I ' ) l I ' ‘ ] ‘ . ) ' ) ' l ' : ! —y - l L ‘4 i Yttt ?*
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 [1] T I *TT\-IF/ l“/T

—

THE UNIVERSITY
l. Bolognino - Dark Matter direct detection 32 +#ADELAIDE



N
SABRE (Sodium iodide with Active Background REjection) South

9.6 m? EJ200 scintillators for
muon detection and rejection

Shielding to reduce

Feedthrough
plate external background:
-8 cm of steel
OFHC Cu -10 cm of PE
enclosure -8 cm of steel

Teflon internal

structure
7 Nal(Tl) crystals in Cu enclosures

(each with 2 low radioactivity PMTs)

7.6 cm R11065
Hamamatsu PMTs

18 R5912 PMTs for veto
Nal(TI)
crystal

Crystal procurement ongoing

with SICCAS and RMD

Veto vessel filled with 10T
of LAB from JUNO doped
with PPO (3.5 g/L) and
Bis-MSB (15 mg/L)

Reflective lumirror coating

»
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o

A
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N
High-purity Nal(Tl) crystals

— Total Fit
¢ Data

Rate [cpd/&g/keV]
"
§
&
9
g

= Pb-210 bulk

» Ultra-pure Astrograde Nal powder from R&D with Merck.

* High-purity, low background crystals are being grown in
collaboration with Princeton and RMD. e

« Four crystals have been tested at LNGS. R
« Light yield 9-12 phe/keV.

« Two more crystals are arriving in the next months to complete
the testing phase.

—
w

Nal-35

Crystal natk (ppb) 238U (ppt) 2°Pb (mBg/kg)  232Th (ppt) Active mass (kg)

DAMA [1] 13 0.7-10 (5-30)x10-3 0.5-7.5 250
ANAIS [2] 31 <0.81 1.5 0.36 112 SABRE crystal

, - mass = 3.4 kg
COSINE [3] 35.1 <0.12 1-1.7 <24 ~60 Nal-33

SABRE [4] 43 0.4 0.49 02 ~35+40=75 (total goal) L) " permabel etal, LA 39231 (2008

[3] P. Adhikari et al., Phys. Rev. Lett. 123, 031302 (2019)

[4] B. Suerfu et al., Phys. Rev. Research 2, 013223 (2020)
>’ PICOLON [5] <20 - <5.7x103 - ~20 (goal) __ [5]K. Fushimi et al., PTEP 4 043F01 (2021)



https://doi.org/10.1016/j.nima.2008.04.082
https://link.springer.com/article/10.1140/epjc/s10052-019-6911-4
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.031302
https://journals.aps.org/prresearch/abstract/10.1103/PhysRevResearch.2.013223
https://academic.oup.com/ptep/article/2021/4/043F01/6137844
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N
High-purity Nal(Tl) crystals — Zone Refmmg

 Strategic and unique to the SABRE project is the
idea to zone refine the powder prior to growth.

e Zone refining 100 kg of crystal powder prior to
crystal growth has been built in collaboration with
MELLEN.

* Impurities are pushed to the end of the refining
tube and are then removed. Reduction factors of:

o 40K:10-100 Impurity concentration (ppb)
o %Rb:10-100 Isotope Sample location (mm)
Powder '

o 219pb:2 747 325+9 492410 635+£20 783+30
5 T 16
* Being used at RMD to prepare a final test crystal. <02 l<02 <02 <02 <02

. ) . ol R < O. "1

>0 @ Tl o .o

A Dynasil Company 18943 4 103 0.2 0.5 23.3 760

2 2T 9 fJ0.1 0.2 1.4 19 330
R B. Suerfu, Phys. Rev. Applied 16, 014060 (2021)————_  “==f
D/\QT[C[_E PHYSICS l. Bolognino - Dark Matter direct detection +ADEL AIDE
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Active Background Rejection

SABRE South also uses an external tagging system to remove high energy
decay products observable in the liquid scintillator.
System has 4w coverage made up of:

e 12 kL (10 tons) linear alkyl benzene (LAB) doped with PPO and Bis-MSB.
e LAB is sourced from JUNO.
e 18 Hamamatsu 20.4 cm R5912 PMTs sampled at 500 MS/s.

Average light yield of ~0.17 PE/keV, though strong position dependence.

Energy threshold of 50 keV which is able to reduce the background
by 25%, giving a total background of <1cpd/kg/keV.

ARC CENTRE OF EXCELLENCE FOR
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Active Background Rejection

Any radioactive decay with gamma >100 keV can be vetoed.

238

232

210

85

87

40

cpd/kg/keV per mBq/kg U Th Pb Kr Rb K
1-6 keV no veto 0.963 0.250 0.681 0.191 0.695 0.650
1-6 keV with veto 0.921 0.216 0.681 0.191 0.695 0.095
Veto efficiency 4.3% 13.3% 0.0% 0.0% 0.0% 85.4%

Al

%

" \PARTICLE PHYSICSN =~ ™

Collaboration paper submitted
to EPJC about full background

characterisation
GEANT4

simulations.
http://arxiv.org/abs/2205.13849

by
Monte

using
Carlo

(accepted to EPJC)

Background spectrum of %K decays in the
crystal with and without the veto requirement
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http://arxiv.org/abs/2205.13849

R
Total Background Model

Veto system not only reduces background but also allows for in situ measurements and particle ID.

2500
o o 40 121 Tcti H H _
3 SABRE South S E.g., *°K and 1#!Te both have distinct islands in crystal
2 Preliminary § scintillator energy plane
> ©
2 2000 Q
o) e Rate in crystals Rate in liquid scintillator
c 10~ —_ R
Ll e 8 3
- T 3 3 0 SABRE South
2 1500 E, ? Preliminary
2 g 10
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n
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http://arxiv.org/abs/2205.13849

Total Background Model

SABRE South Collab. arxiv:2205.13849 (accepted to EPJC)

Using background from Nal-33, with 50
kg of Nal, expect 0.72 cpd/kg/keV in Rol.

Ol Component Rate (cpd/kg/keV..) Veto efficiency (%)
% SABRE South Nal Radiogenic PMTs I .. 1 1
g - Nal Cosmogenic I Enclosure Crystal cosmogenic 1.6 x10* 45
S N
o L 2
o L PTFE Wrap ITotaI Crystal PMTs 3.8x10 57
% st e, Crystal wrap 4.5 x 1073 11
T F Enclosures 3.2x 103 85
I Conduits 1.9x 10° 96
3 Steel vessel 1.4 x 10 >99
i Veto PMTs 1.9x 10 >99
e | Shielding 3.9 10° >99
S Liquid scintillator 4.9 x108 >99
- __ External 5.0x 10* >93
:I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
o 2 4 6 8 10 12 14 16 18 20 Total 0.72 27
Energy [keVee] < 10% of background from non-crystal sources.
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http://arxiv.org/abs/2205.13849

e
Nal(Tl) Background Simulations

* Background of SABRE South crystal have been both simulated and directly measured (on Nal-33) with Inductively coupled plasma

mass spectrometry (ICP-MS).

SABRE South Collab. arxiv:2205.13849 (accepted to EPJC)

* Main radiogenic background represented by 21°Pb, 8Rb (very conservative upper limit). No 8Rb was found with the ICP-MS

measurement, and the order of magnitude of this contamination is currently unknown.

* Cosmogenic background after 180 days underground mainly due to 3H (12.4 yrs) and *13Sn (115 days).

Radiogenic Background
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http://arxiv.org/abs/2205.13849

I
Sensitivity

Assuming total crystal mass of 50 kg and background of 0.72 cpd/kg/keV,, from simulated radioactivity.

ARC CEN

90% exclusion curve for the SABRE South

Evolution of discovery/exclusion power as

experiment after 3 years of data taking . a function of live time.
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Muon Detector System

* Provides additional tagging of cosmic muons, and long-term measurements of
muon modulation at SUPL.

* Will be used to improve particle ID and localisation in LS Veto.

e 8 x EJ200 organic scintillator panels (3x0.4x0.05 m) with PMTs at opposite ends and
sampled at 3.2 GS/s.

* Longitudinal position resolution of 3.2 cm using CFD trigger.

» Total coverage 9.6 m? above main vessel.

* Each panel is being characterised for timing and efficiency on surface.

At using Log-normal timing
i
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Underground Muon Measurements

Muon detectors ready to be installed in SUPL in the coming months.

As the first detector in SUPL, this system will:

* measure the muon flux and its angular distribution;

e provide the first test of the remote data acquisition and

processing pipeline

Underground muon angular distribution (simulated)
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Extensive program to test and pre-characterise PMTs

* Important for achieving reliable results and -~ i
....... : « oo o (removed)

low thresholds Sy S Ee— 5 3 ,
$ el U B | AT/ Ao tew /KT
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PMT Characterisation

Understand response of PMTs and their noise ;

characteristics e

.............

P

«

Veto PMT

Temperature (K)
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Detector calibrations

All detector components must be carefully calibrated.

Optical calibration, veto PMTs:

* Definitions of suitable set-ups also from mechanical point
of view (e.g. installation of fibre optics and feedthrough).

* Simulations to assess the best set-up and the expected
signal.

* Prototype development and tests.
* Calibrations on the full-scale detector.
* Check detector stability over time.

ARC CENTRE OF EXCELLENCE FOR

I | E THE UNIVERSITY

PARTICLE PHYSICS . Bolognino - Dark Matter direct detection 48 +ADELAIDE




DAQ & Software

* SABRE South has developed DAQ for the SABRE
collaboration: independent EPICS based instances

for each subdetector (crystal, veto, & muon).

* Global trigger managed by CAEN V2495 FPGA
with custom firmware.

* Prototype currently running Nal test at LNGS.

Negave = Montor
Negave v Monu
v W s Negae = Montox
Negave = Moniox
Posive  ~  Monior

NERE BN

Posive ~ Mo

2048 100 Postve Monaon 2
= 0
Pos Mortor %

*SABRE South has developed a

*Designed to process many
digitised channels, currently
in use for PMT and Nal
characterisation.
DOI:10.5281/zenodo.625764
6

flexible python-based tool for
data processing and analysis
code called Pyrate.

*This reconstruction code will be
used by the whole SABRE

collaboration.

SABRE SOUTH PRELIMINARY
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Possible outcomes from SABRE:

1. SABRE doesn’t observed any signal = DAMA/LIBRA detects some false signal
introduced somehow;

2. SABRE North and South detect modulation out of phase = strong evidence that some
seasonal background exists and needs to be understood,;

3. SABRE North and South detect annual modulation in phase = some non-seasonal
source that is somehow not seen in any other Dark Matter experiments.

All outcomes are interesting.

EEEEEEEEEEEEEEEEEEEEEEE
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summary

* Dark Matter represents the 85% of the mass of the Universe and it is still a mystery.

* A way to detect it, is through its annual modulation which is a model independent
signature, but it requires an ultra-low background.

* Currently only one experiment, DAMA/LIBRA claimed to have detected Dark Matter.

 DAMA/LIBRA result is in tension with other experiments which use other target materials.
The signal can be due to muons which have the same annual modulation period as Dark

Matter.

* For these reasons, an experiment having the same target material of DAMA/LIBRA is
essential.

the first underground laboratory in the Southern hemisphere.

e SABRE South will reach an ultra-high sensitivity and will be able to exclude seasonal effects.

» SABRE South construction/commissioning to start towards the end of this year, completing % ‘ PR

-

in 2024. Vessel, LAB, PMTs, muon detectors, DAQ, crystal insertion system all ready. ?‘"‘;F ?E'*‘ .'"“"" !f'@“ .

'« |t will be able to confirm or reject the DAMA/LIBRA claim after 2 years. . «.

i
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Background from 40K

Most dangerous long-lived background in the Region of
Interest: -

-'N)K

B (89.3%)
Q=1.3MeV

* 40K decays by e capture (BR~11%)

* excited state of 40Ar emitting a 1461 keV gamma 10
- L ‘mAr
* Auger e or X-ray with a total energy of 3.2 keV § 8 1t v
6 .
L modulation DAMA/LIBRA
= region spectrum
E 2 ........ 40K .....
|
’ é 4 6 8 10
Energy (keV)
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R
Crystal growth

e Crystals are grown in a precision-cleaned Pt Wir
carbon coated synthetic fused quartz crucible,
using the vertical Bridgman method.

Hot Zone
e Furnace is headed to 750 °C over a few days, x5

>

Position in furnace

then crucible is slowly lowered into cold zone s g

(500 °C) at a rate of 7-10 mm/day. The furnace s e

Crystal
thallium iodide (Tll) powder (99.999%) and ‘7

sealed inside a high-purity crucible. To prevent " )
contamination, the crucible is carefully Direction Famparnian
cleaned with high-purity acids.

is then cooled to room temperature over a
week before crystal is removed.

. Cold Zone
e The dry Nal powder is mixed with high-purity

—

Vertical Bridgman Tube Furnace Temperature Profile
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SABRE North status

Proof-of-Principle phase (1 crystal + active veto) concluded

® Breakthrough background level: ~1 count/day/kg/keV in the 1-6
keV region of interest, lowest since DAMA/LIBRA.

Goals for near future:

* Test reproducibility of crystal radiopurity
* Demonstrate lower background with zone refining of Nal powder

Full Monte-Carlo simulation model of crystal
Nal-33 to identify background components

—— Total Fit
—¢— Data
— K-40
Ra-226 chain
—— Pb-210 bulk
——— Th-232 chain
H-3
------- 1-129
Flat component
s Pb-210 teflon surface
----- U-238 PMT quartz window

Rate [cpd/kg/keV]

Demonstrate feasibility
of a full-scale
experiment without

g e o e ST T Y PSR Dy S
10 20 30 40 50 60 70
Energy [keV]
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Other Physics

New physics Potential observable/s

Pauli exclusion principle Proton emission above 10 MeV

Solar axions Axion to photon conversion, electron scattering
MIMPs (heavy DM, boosted DM) Excess events in crystal or LS

Charge non conserving decays in Na or | Electron disappearance, gamma excess

Sub GeV DM Particle ID fro ER-DM events, Migdal effect
Supernova neutrinos Scattering in crystal or LS
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