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Abstract

R&D for neutrinoless double beta
decay with Borexino

A. Caminata?, S. Marcocci® 2 and M. Pallavicini?
onh behalf of the Borexino Collaboration®

2 Dipartimento di Fisica, Universita degli Studi e INFN, Genova, Italy
b Gran Sasso Science Institute (INFN), L’Aquila, Italy

Since the beginning of the Borexino project in the early nineties, the idea to perform a
neutrinoless double beta decay experiment with 36Xe dissolved in the scintillator was
considered [ |, 2]. The beautiful results obtained by the Borexino experiment [3, 4], which
achieved a purity far exceeding design goals, and a new concept for dissolving large quantities
of xenon In the scintillator make this possibility even more interesting for a third generation
experiment In the next decade. Since the solubility of a gas Iin a liquid grows with the
bressure (Henry's law), it I1s possible to reach an active xenon mass of |0-15 tons, and
Hhossibly even more. VWe present the ongoing R&D studies to look for neutrinoless double
peta decay using liquid scintillators, discussing the optical properties of the Borexino
scintillator when xenon is dissolved in large quantity and with high pressure.

The Borexino detector

Setup

Borexino I1s a large volume ligquid scintillator
detector whose primary purpose Is the real-time
measurement of low energy solar neutrinos. It Is
located deep underground at the Laboratori
Nazionali del Gran Sasso (ltaly) [5]. The pun-
developed purification techniques allowed to
reach an exceptional radio-purity (e.g.
238J<6x107'% g/g and 232 Th<5xI0'® g/g [4]).
This feature could allow for almost zero
background coming from impurities in the region
of Interest for a new generation double beta
decay experiment.

Borexino Detector
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Schematic drawing of the Borexino detector.

My | | The chamber used for this R&D

| | enda | - | = s a cylindrical tank (diameter ~20 cm,
Lol TaTm * height ~ 1 m);

= contains ~40 L of Borexino’s liquid
scintillator (pseudocumene doped with
PPO In a concentration of |.5 g/L);

" withstands a pressure of 5 bar.
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The chamber at the INFN laboratories in Genoa.

= Jwo 5" PMTs are placed In front of 2
quartz windows at the bases;

= 9 lateral windows can house 3" PMTs;

= 3 |ittle movable carriage, with a tiny
teflon sphere on the top, Is used to
spread light in the scintillator;

= a small perforated pipe at the bottom

introduces the gas In the chamber.
Internal view of the system while the gas is bubbling in the scintillator.

System handling

Methods

VWe aim to measure the light yeld variation as a function of the amount of Xe dissolved In
the scintillator;, with respect to the pure Borexino scintillator case.

Xe Dissolution Control: while inserting gas, the system mass increases as follows:

M * kn2 Pr2) F Axe Mxe ¥ Anz Mg + Mg + mpe

tot = Mpc (Kxe Pxe

= M. . = total mass of the system; " Av.(Anz) = Xe(N,) molecular mass;
" mp- = mass of the scintillator; " ny.(Nyy) = number of moles of Xe(N,);
" ko (Kyy) = Xe(N,) solubllity in PC; = M, = mass of the empty chamber.

= b (pr;) = Xe(N,) partial pressure;

T we: we can Infer:
v' assume Henry's and ideal gases laws; v the amount of PC inside the
v' consider that Borexino’s scintillator chamber:

s saturated with N; V' byos

v’ the amount of Xe dissolved in
the scintillator;

v’ measure temperature, pressure,
mass of the system and gaseous flux;

Total light collected for muon events

Light Measurement: we exploit the
scintillation  light produced by cosmic
muons In the scintillator.

= [wo norganic scintillator detectors,
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located above and below the chamber; 2 J MH[H |
. - XS st O Y A
tag muons crossing the scintillator;
"= the position of the peak In the
spectrum correspondent to the vertical
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Energy spectrum of the signal induced by muons in the

estimator of the light yield.

_ = [he plant allows to Insert,

Xe > < D<t
N o extract and recirculate gas
s inside the chamber;
Pt P and lquids lvel = Xe and N, come from two
N, e different input bottles.
o~ —~—~—1 I_M — N !
ET12 & o — a plurrlwp can recirculate the
W gas Inside the system;
//_HZ Q Q O Q " temperature and pressure are
" constantly monitored;
. " 4 high sensitivity strain gauges
. | 1
e s G measure the system mass;
= Xe IS recovered In a

Conceptual hydraulics scheme of the apparatus. dedicated condenser:

Mass and pressure VS time
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The thermodynamic equilibrium
of the system Is crucial. The plot
shows In red (blue) the pressure
(mass) as a function of time
during a filling with Xe:

" addition corresponds to

spikes In p and steps In m;
= dissolution corresponds to A S S S T S

decreasing p and flat m. | - - i)
Iypical mass and pressure behavior during a filling with Xe.
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The plot shows the light yield measurements as a function of the N,/Xe partial pressure. Red dots indicate the measurements

done with N, dissolved in the scintillator (Borexino condition), while blue ones refer to Xe. Light yield values are normalized to
the Borexino one.

We measured the light yield of the compound Xe-scintillator with respect to the
pure Borexino scintillator case at different pressures and we found that:

= at the pressure of | bar the light yield is ~15% lower;

= at 5 bar the light yield decreases of ~45%.

Outlook

scintillator with (up) and without (down) the external tagging.
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= [Full characterization of the Xe+scintillator compound, measuring the attenuation length
and testing pulse shape discrimination capabillities;

" study of the light yield loss as a function of the fluor concentration;

" nvestigation of the behavior of other liquid scintillators and wavelength shifters.
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