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Detection principle
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General idea: m‘ o posic it

to measure the kilnetic 7’§§§“ , DBD signal
energy of the decay s =
products/secondary

particles/...

(keV-MeV energy scale)

( N Energy (keV)
Source = Detector |
Calorimetry

Bolometers

€ * Excellent energy resolutlo\
* High efficiency ‘
* Wide choice of compounds

' 1000 g,
— BaC grou”d eV

Source # Detector

Scint./Track

ﬁ * LLarge mass source
* Particle i1dentification




— Y for DBDOv, rare decays,

f Sov: half-1life corresponding to the minimum number of ;
i detectable signals above background at a given C.L.
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- Deep underground location

- Material selection (radio-pure) LBOlometrifJ

- High granularity approach

DBD experiment ~ DBD energy spectrum

Q-value: 2995 keV PRIV spov
Material: ZnSe
Enriched a.i.: 95%

Source Mass: ~10 kg of Se-82
Projected Bkg: ~0.001 c/keV/kg/y
p

Resolution: ~ 10 keV @ ROI
Sensitivity Ti/2: ~10%®* y in 5 y

BOv

L SUMENERGY OF ELECTRONS




'he bolometric technique

fully-active detector

Almost all the deposited energy 1is
converted into phonons which induce a
measurable temperature rise

The heat capacity of the crystal must
be very small
(-> low Temperature ~10 mK)
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Absorber Sensor
- M ~ 0.45 kg - R = Ry exp[ (To/T) /2]
- C ~ 10710 Jg/K - R ~ 100 MQ
- AT/AE ~ 500uK/MeV - AR/AE ~ 3 MQ/MeV

(

Heat-sink:

Copper \ \*

Thermal
conductance (G):
PTFE & gold wires

Thermometer:
Ge-NTD

Absorber




underground
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Bkg sources 1n bolometric
experiments

Since bolometers are fully-active detectors and are sensitive to all
radiation types, various sources can limit the experimental sensitivity

/’ Neut _s neutron activation: (n,y) reactions i\
cutrons = appropriate shields are needed

Muons => energy deposit in the ROI
underground 1installation & granularity & veto

B/ s => natural radioactivity (23%U & 232Th)
Y material selection

as coming out from detector surfaces

degraded os => surface cleaning and particle discrimination

\_




c1ng bolome

iWhen a bolometer is an efficient scintillator at low,
' temperature, a small but significant fraction of the depositedf
lenergy 1is converted into scintillation photons while the;
fremaining dominant part is detected through the heat channel. 3§

The simultaneous read-out of light and thermal signals allows to discriminate
the o background thanks to the scintillation yield different from B particles.
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12615 keV | d aQF <1

Scintillati
crysfala " Reflecting foil Light
I . ObSOP bet‘

Ov2f3
region

(0

Py EVENTS
EVENTS

LIGHT SIGNAL

O aQF>1

HEAT SIGNAL

QF: is defined as the ratio of the
signal amplitudes induced by an o and
an RB/y of the same energy.




Rolometric LD

- HP-Ge disk (3-5 cm diameter, 0.1-1 mm thick)
- S102 coating for darkening the surface => reduce light reflections
- Calibration with °°Fe X-rays @ 5.9 keV and 6.5 keV

- Energy resolution: ~100 eV

- Energy threshold: ~100 eV

Detector FWHMypygeiine FWHMssg,
[keV] [keV]

Cu holder Au wires
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J.W.Beeman et al., 2013 JINST 8 P07021
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Crystal features:

- growth: Czochralski method

- materials: pure (99.5%)
MoO3 and Li1,COs

- weakly hygroscopic

Interesting for:
— DBD-19Mo
- n-detection
- solar axions

—
.

Au wires Thermistor
Ge-LLD

—
.

Detected Light [keV]
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35Fe Source
Li,Mo00O,

Reflecting
Foi

| I - l Ll l} | J - 1 | I l Ll Ll l |
1000 2000 5000 6000 7000
Heat [keV «]

Calibrations o & n & vy
Background 344 h

| Good particle discrimination using }
i Light vs. Heat i

Cardani et al. arXiv:1307.0134, in
pubblication on JINST



http://arxiv.org/abs/1307.0134
http://arxiv.org/abs/1307.0134

L1,Mo0Og4 with y—-source

Small crystal
=> no calibration at 2615 keV
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L1o,MoOs with AmBe-source

Fasy (fast) neutron tagging:

1.i + In - 3H + “He + 4.78 MeV

6.1 :
. large absorption
Calibration with n-source ‘ n Cross section

940 b @ 25 meV

61,1 :
natural 1.a.

7.6%

Detected Light [keV]
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thermal neutron absorptions

fast neutron absorptions




counts / 6 keV
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oLi
neutron
capture

oLi
resonance
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"h AmBe-source

°Li neutron absorption cross section

105 ﬂwmmmm Illl‘l‘ Illl‘l‘ TTITR
- JENDL-40 OK, Li-6, MT= 1, (n total)
JENDL-40 300 K, Li-6, MT= 1 _(n total)
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LY (°H+*He)= 0.12240.022 keV/MeV

FWHM @ 4.78 MeV: 14+2 keV




L1-MoOs with o-source
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Assuming linearity of LYg,, :

w

OF, (E) = LY, (E) /LY, (E)

n
o

Detected Light [keV]

Tty 147_Sm ;
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QFy 1s larger compared to other MO
compounds like: ZnMo0O4 and PbMoO4

’:;.]::..‘if...|....|....|.. T T (x2.5)

1000 2000 3000 4000 5000 6000 7000 8000

Energy [keVa]

Discrimination Power:

LY [keV/MeV|
in

2(E) + 02, (E)

2 2
LY [eV NV

DP (1 MeV-2.3 MeV) ~

No evidence of particle
discrimination with PSA
=> larger crystals are needed!
PSD works very well MO xtals
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Enfdey [keV]
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Detected Light [keV]

L1,MoO4 background

Fi1rst measurement:
(1240 h)

HP-Ge

Nuclide

Activity (mBq/kg)

228Ac
2|2Pb
2087)

214Pb
2I4Bi
K
®0Co
137CS

< 32
<24
<12

< 20
<21

= 170(80)

<8
<4

O.P. Barinova et al.,

Scintillating bolometer:
344 h bkg
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NIM A 607

(2009) 573

the crystal 1is
hygroscopic:
contaminated

in 210pb

(21OPO)

New limits:

Chain Nuclide Activity
[uBa/ke]

#2Th  *°Th < 94

238U < 107

Cardani et al. arXiv:1307.0134,
submitted to JINST



http://arxiv.org/abs/1307.0134
http://arxiv.org/abs/1307.0134

Solar axions search

Detection of 'Li solar axions by means of resonant absorption on
analogue targets 1n the labs.

' In the Sun : pp - ... j

in the lab :

We look for a vy emilssion at about 478 keV

I

Doppler effects ~0.5 keV
nuclear recoil ~1072 keV

small crystal

Total number of absorptions: 1t we reverse the equatlon\\o

Axion (considering BR and detection € (~5%)):

Li nuclei Time Constant mass

4
Ngps = Nop: x T x C* x (1777/_%1,/) mg < 39 keV @ 90 C.L.
€

M. Krcmar et al., A.V. Derbin et al., Current best limit:

m, < 8.6 keV @ 90 C.L.

(2001) 115016 (2005) 365
16 P. Belli et al., Phys. Lett. B 711 (2012) 41-45

on a 33 g crystal & 344 h bkg measurement




Interesting for:
- Eu-151 o decay
- n-detection
- solar axions

Heater NTD PTFE

NTD Reflecting
LicEu(BO3)3 Foil

- m=6.15 g
- Calibrations v
- Background

First bolometric test

with 5x5x5 mm?® crystal in:

2012 J. Phys.: Conf. Ser. 375 012025
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L1gEu (BO3) 3

Crystal features:

growth: Czochralskli method

in alr atmosphere
materials: high purity (99.99%)
L1,CO3 ,Eu,03 and B»0Oj3
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Excellent particle discrimination
using Light vs. Heat
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LYg/y = 7.3810.02 keV/MeV

10°
Energy [keV]
Assuming linearity of LYy, :

= LY, (E) /LY, (E)
| QF, (147Sm)= 0.54+0.01 |

| QF, (*10P0) = 0.84+0.05 |




L 1é. 303) 3 background

Internal contaminations:

Live Time: >300 h bkg |
N ' Chain Nuclide Activity

/.. . B/y=-band ' 232Th 232Th 3.5 mBq/ ]{g

Detected Light [keV)

2387 mBqg/ kg
mBqg/ kg
mBg/ kg

g mBg/ kg
10000 12000
Eneroev [keV1

m

First evaluation of intrinsic
radiopurity level in 2.7 g LEBO crystal:
NIM A 572 (2007) 734-738

Radioactive contaminations in LicEu(BQOs), crystal
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Chain Nuclide Activity (Bq/kg)

210 228 . e <0.20
PO / Th 212pb <025

226
Ra /224Ra 2081 <0.13

232 X .
Th : ““pb <0.17
9B; <0.07

K <15
“Co <0.026
1¥¢Cs <0.081

ﬂJ JLILLI I 14 | <00

152 = 0.949(4
2000 3000 4000 5000 ey 8313?3?
Energy [keV ] u = 0.21205)

I Limits are given at 90% C.L.
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U 1n LigEu (BO3) 3

About 40% of the crystal mass 1s made of Eu:
-> given '°'Eu isotopic abundance
-> about 1.5 g of the crystal is made of !°Eu

o—decay of 'P!Eu never observed, just an indication in:
Nucl. Phys. A 789 (2007) 15-29

Abstract

The indication for the o decay of ''Eu (Qa = 1.964 MeV) with the half-life T1» @ = 55" x 10'® yr has
been observed for the first time with the help of a low background CaF2(Eu) crystal scintillator (mass of
370 g) in measurement at the Gran Sasso National Laboratories of the INFN during 7426 h. In a conservative
approach the lower limit on the half-life of '*'Eu has been established as T * = 1.7 x 10" yr at 68% C L.

The discovery of this decay 1s not far away...
Li¢Eu (BO3) 3 scintillating bolometer seems to be
the perfect tool

' large mass of Eu |

particle discrimination

high detection A A P A AT A AR A
efficiency ! good energy resolution ¥

S




Conclusions

- Li-scintillating bolometers are a sultable tool
for low background physics
from DBD to solar axions

- the double read-out brings an abrupt reduction
of the background in the ROI

| Li,MoO, Li¢Eu (1303) 3
OF (147sm)— 0. 29+o OF (147sm)— 0. 54+o 01?

[ OF. (20P0) = 0 .‘ 42 i 0.03 | L OF, (219P0) = b ' .8 4£ .05 |

* high radiopurity level * low radiopurity level
* good energy resolution * poor energy resolution

bright future 1s ahead

sti1ll some work 1s needed
21
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