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underground lab @ YangYang
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' S The YangYang underground laboratory
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Array project configuration

Center for Underground Physics @ IBS

Development of an instrument,

in collaboration with CANBERRA, composed of
& ARRAYS placed one above the other

with 7 HPGe (70% relative efficiency) each

total detectors: 14 70%HPGe

specification
EndCap & Holder: Low background Aluminum
Inner shielding: low background Cu & Pb
O-ring Seal
Copper Plate

Design of one array

Two separated cooling lines

First work:
of a single element
through MC simulations
Samples of each material provided by CANBERRA
measured on 100% HPGe @ YangYang




HPGe Laboratory
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100% HPGe

| Improvement of the background with a dedicated shielding:
5 cm of Ancient Lead close to the crystal
Nitrogen Flux to avoid Rn
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Background Spectrum
used for the measurements of material samples

provided by CANBERRA
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30-2700 keV rate:
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Single element of Array: 7T0% HPGe
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70% HPGe of the same type of the arrays

Shielding:
10cm external Pb
777B Canberra shielding
4cm inner Cu

N, flux
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Single element provided by CANBERRA to study the intrinsic background

All the materials composing this instrument have been measured
to evaluate the contaminations in 232Th, 238U and 4°K.

Background Spectrum

30-3300 keV rate:
24 counts/h/kg
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Material measurements & selection
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| Evaluation of Radioactive Contaminations in #*?Th, 38U and “’K
for each sample measurement performed with 100% HPGe

[sotopes
Materials 2381 (mBg/kg) 232Th (mBg/kg) 40K (mBg/kg)
O-ring* 2536 = 60 411 £ 27 2132 £ 307
Copper** <0.57 < 0.55 <5.87
Aluminum** < 0.52 1.94 + 0.40 <6
Lead** <1.6 <2.7 <7.7

Monte Carlo simulations

— . . based on Geant4
Specific Activity value (for the considered isotopes) calculated only for

O-ring Sample and 232Th contamination in Aluminum Geometry of the
100%HPGe - sample

configuration for each material
Evaluation of the efficiencies

*O-ring contaminations errors considering 25% Efficiency relative error
**Limits evaluation with 90% C.L.
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Reconstruction of the detector geometry as accurate as possible
to perform Monte Carlo simulations
Each constructing material has been considered as source
Relative position respect to the crystal
Mass
Thickness

Considering only the detected activities (no limits)
COMPARISON between the simulated expected cpd and the bkg cpd

232Th from Al & O-ring

From the measured contaminations it is possible to evaluate
| the of the detector

Intrinsic background evaluation
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Comparison
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Considering 238U contribution from all materials (also limits) |

Analysis considering also the upper limits measured 20,00 |
| for 232Th and 238U | : s;(giclzgdn:;zzl cpd |
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Material Selection
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Array reconstruction for MC simulations with different materials

EndCap: Aluminum
Holder: Copper

| ower threshold EndCap: Copper

Holder: Copper

232Th comparison
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5,25

2 configurations

Lower background
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higher than other measured

limits on Copper
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Final Configuration

B aaaans ————————

Low background measurements |

Both EndCap & Holder in Copper |
(thinner layer on the top of the crystal to lower the threshold)
Single vacuum instead of UHV inside canister & cryostat vacuum

The external Cu EndCap can be replaced with
thin Aluminum ones to perform measurements
if higher efficiency at low energy is needed

Replacement for the O-ring

O-ring selection




O-ring measurements
R — “—twstmmmettNpT
U K Th
No. Manufacturer (mBq/kg) (mBa/ke) (mBa/kg)
it 2535 + 59 2629 + 298 424 £10
Lo OWmsUsA L 847455 2309 + 460 124 + 31
"""""""" . MARCO i
' Witon) 1368 + 62 721 + 293 259 + 37
s SMWON. L 1259+ 58 1555 + 323 364 + 43
o | coc 1073 +49 970 + 253 238 + 26
"""""""" T Tmarco T
5 RUBBER 1570 £ 115 2237 £ 710 499 = 72
: (AFLAS)
6 OringUSA . 230+53 12156 + 1207 146 + 41
7. Rowie RS 1 2784 +39 5402 + 271 1231 + 25

(FEP+Silicone)

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

5| Polymax 28945 + 315 33620 + 1664 49427 + 386
o. |  MarcoRubber 68 + 12 6746 + 684 38 + 5




Project of the dedicated Shielding
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Application

| The Ultra Low Background Facility
2 arrays of 7 HPGe detectors with 70% of relative efficiency

designed for the detection of low contaminations
the sensitivity can be improved thanks to coincidence measurements

Material Selection for rare physics events experiments
detection of low level contamination in samples
232Th in Copper

expected sensitivity can be exploited also for

Experimental possibilities:

Resonant Ov Double Electron Capture

decay under consideration
156Dy — 156Gd excites states

limit on 2+ 2003.8 keV level
Tip > 3x10™ vears (exp.)
322g Dy>O3 with single HPGe @ LNGS
P.Belli et al. arXiv:1103.5359 (2011) 12




Expected sensitivity on Copper sample
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Copper sample as reference for material selection sensitivity

Evaluation of the detection limit on #838Th contamination in Copper
(generally very pure material)

Simulation with sample surrounding all the detectors and a layer between the 2 arrays
TOTAL MASS ~ 36.5 kg

Estimated 232Th intrinsic background L. .
Coincidence analysis

208T] gammas from 232Th decay chain

3.053 min

et 1583 keV and 2615 keV: most probable coincidence

Assuming 2 months
of measurement

<18 ps

<100 ps

1 ps
294 ps
16.7 ps
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Coincidence Analysis < 14 uBq/kg 90% Confidence Level
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1Dy measurement
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Dy203 powder sample (NATURAL):
32 kg surrounding both the arrays

vetwstammsSET

156Dy isotopic abundance 0.056%

total mass 15.6¢

Most of the excited states from resonant ECEC

will cascade emitting a multitude of y rays

experimental signature:
peak @ the y energy
emitted from the '°°Gd excited level

simulations based on GEANT4
DECAYO event generator

2003.8 keV level

Coincidence analysis
gamma from this level
761 keV - 1242 keV

Assuming 2 months of measurement
& ZERO background for the coincidence analysis

simulation currently ongoing considering all the possible levels and enriched sample

preliminary result

T12 > 10" years




Conclusion
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Ultra Low Background instrument:
2 Arrays with 7 70%HPGe each

MATERIAL SELECTION in collaboration with CANBERRA
starting from a single HPGe element of the Array

Improvement of the intrinsic background using
Monte Carlo simulation

Final configuration with low background materials

First evaluation of the instrument sensitivity for 232Th on Copper sample

Preliminary result on R-OvECEC of '°¢Dy

FIRST ARRAY will be delivered next year
background measurement
new limit from the analysis for Cu sample and '°°Dy

SECOND ARRAY expected few months after the first one

SHIELDING will be soon under construction

Arrangement to use an enriched "°Dy,03 sample (100g)
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Coincidences
" M
u\fi.ﬂﬁ.‘} min
2081\' - )
| pakia. 208T| from 232Th chain Y Energy  Intensity (%)
h Q =4999.0"7 277.37 6.6
510.77 22.6
Ip Log ft
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0.046 7.78 f 8946.42
0.63 6.68 3 3919.78
24.2 5.38 3708.41 <100 ps
22.2 5.68 8475.088 4 ps
49.1 5.61 \ 8197.717 294 ps

2614.529 16.7 ps

O+ ; 0.0
A%zl’blzs

Most probable coincidences

Analysis considering all the combination

« 583 keV: between the different detectors
510 keV, 2615 keV, sum peaks and 2615 keV escape peaks selecting 583 keV on one

« 2615 keV:
all the considered gamma and their sum




156Dy R-OvECEC
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| resonant process:
enhancement of the rate (improved sensitivity) for 2XN+2¢" 25 5 Vi,
coincidence between the released energy and the energy
of the excited state

High precision mass measurements using Penning Trap to evaluate the Q-value
.
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‘ Comparison single material 1/2
e e —

l Background spectrum VS single material (counts/sec) contribution for all isotopes
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Comparison single material 2/2
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| Background spectrum VS single material (counts/sec) contribution for all isotopes
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