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Introduction

Theradio purity of materials is the essential conditiompon which rely the
latestexperimentsof RareEventsPhysics

238
,

Thegreatest risk

radioactive background
overlapthe observable energy regions of
interest

Fundamental a selection of the
different components of the detector

|

Typicalrequirementsfor contamination
level of detector materials

232Th <1012g/g (4 uBgkg)

238 <1012g/g (12 uBgkg) Crucialto have

40K < 1012 g/g (270 UBgfkg) o toolsable toachieve thasensitivity
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Acrylicmaterial

Acrylicis a widely used material in/

many experiments in the physiCS\
of rare events

optical properties

\ ‘

mechanicalproperties

Jiangmen Underground Neutrino Observatory

InverseBetaDecayReactlon
d N Q &

- --"

JUNO Central Detector
~20kton LS detector

|

AcrilicVessel
12cm thickness
Diameter:35.5

It is crucial to carefully select acryti@terial at ppt level ofcontamination {38U,232Th,40K)
in order to reduce the accidental rate in the active volume of the detector
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Acrylicsamples

Sampleseceivedfrom China from
3 different companies

Eachcompanyhasproducesthe
samplesfrom sheetsof 2cmor 12
cmthickness

Company A
2 cm sheefproduction:
7 samplex248x248x20 mm3

Company B

from 12 cm sheet production (panel
surfacg:7 samples248x248x20 mma3

Company B2 Company C

from 12 cm sheet production (panel from 12 cm sheet production (panel
centre). centre):

7 samples 248248x20 mm3 7 samplex48x248x20 mm3
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Availableradioassaytechniques@INFNMIB

HPGeSpectroscopy

Sensitivityon ThandU: 10 mBqkg
Bulk contaminations

1 SY Mhiiclidasy 3

Largeamountof materials few tensof kg

Alphaspectroscopy
Sensitivity 10°Bg/cn?
h emitting nuclides

Surfacecontaminations

Neutron Activation Analysis

Sensitivityon Thand; Y uBgkg
Bulkcontaminations

Primordial parents

Sample ofew tensof g

*needs counting times from several weeks to mon

tr
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Neutron Activation Analysis (NAA)

Theneutron activationprocessconsistan the production ofunstableisotopesthrough
neutronsabsorptionby the nuclepresentin the sample

@ 10 db—>T W O W T
The NAAechniqueconsistf severalsteps

Sampleexposureto a
neutron flux

\_> Extractionof the irradiated

sample andneasurementof NAAKkey parameters
induced radioactivity Reactioncrosssection
(HPGedetector) .
EfficiencyHPGedetector

Calc_ulationof the Neutron Elux
guantity of precursor

elemert ( &) Irradiation Time

I emission and BR
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Neutron Activation Analysis

Comparativemethod
STD containing a known

Smple and a reference Standard ——> amount of the element to be

are prepared and irradiated

measured
— Time of irradiationisthe same  —sy "y Y
Sameposition in the : NeutronFlux
irradiation channel %o %0
Gammaspectroscopy HPGe

—> Geometry,,,. Geometry,, —>

Geometryand sizemustbe
similar

Efficienc¥ympe  Efficiencyp

Theactivitiesof samplesand Sample trace
—_> .
standardsare compared analysis

200 600 1000 1400 1800 2200
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Neutron Activation Analysis

Threekeyingredients

~

highneutron flux %P T PTTWA I
high enough neutron capture cross section W T —> W i

n+ MK 5 2 P 420y f pL QWO YR
GO2YBSYA Sy

daughternucleus 7+ U — v 239Npé&23913u P TTQQW 6 X @

~ i 23,5m
( SYAaalfez . 2320y . 233 A7, 233 B, 23377 T QYo Y b
: opp o

neutron exposuretime :
P Carein the sample

Sensitivitydependson: interferencesin the matrix — preparation is

_ _ extremelyimportant!
background in the region

of the gammaemission

Advantage Disadvantage
veryhighsensitivityY 1ppt sensitive only to radioactive chain progenito
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Samplepreparation: Lasercut

To avoid the risk of contaminating the
samples, we used the laser
cutting technique

Extremecare was put to avoid
contact of the samples with
dirty surfaces
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Samplepreparationin cleanroom

Acrylicsamplesvashedseveral
times in U$ath 30°C)

with MilliQ water in
cleanroom 1000atmosphere

Irradiation containerscleanedwith
ultra purenitric acidsolution(1%)
in cleanroom 1000atmosphere

m
e ot
™
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STDoreparation
Liquid Standard(1mg/mil)
3 Vialsfor eachSTD @.02ml)

Uranium

3 Vialsblankwith water

Thorium

p— =

Liquid standardsprepared
In separate containers from
samples

Thevials were sealedandwashed

Solid Standard:

Al-Co(Co0.5%wt)wire 2
standards put irevery Q
irradiationchannel as aross Fwhis

checkof the results
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NAAirradiation campaigns
TRlGA Marki Researcheactor

(250kW) - Pavia,ltaly

LAZY SUSAfScility:
Fluxof neutrons fp mw a i

Irradiation Time 12 hours

40irradiation channelsavailablearound
the reactorcore, 7 adjacentchannels

LAZY SUSA#LIlityisa rotary
specimenrackin acircularwell

within the radialreflector were used
Irradiation Channel LS1 LS2 LS3 LS4 LS5 LS6 LS7
Sample/SThquid A STD2 Bl STD4 B2 STD6 C
STDsolid SS1 SS2 SS3 SS4 SS5 SS6 SS7

STDsolidand samplesverein the same channel

STOiquid and samplesverein different channels to avoid contamination
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Gammaspectroscopy

HPGeGePV |

£ TRLLALLE

BerylliumWindow st T

s Relativeefficiency 25% = DEGLISTUD |
‘ g -
Coaxiabeometry 2 Vs B
BICOCCA

Three detectors irLowbackgroundconfiguration
HPGeGeGEM HPGeGeKan HPGeBeGE [

Coaxiabeometry Coaxiabgeometry Planargeometry

i

Relativeefficiency 30% Relativeefficiency 70% Relative efficiency 50%,_.

CarbonWindow

BroadEnergy
detector
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NAAresults 4K ”

- - L
n - 41K ; 42[”( 420& % i
U= m — ke 1,000
IsotopicAbbundace:
L OXx aob -ray(keV) BR(%)
U OXx T fp
b © x yb 312.6 0.34
1524.6 17.64

Untreated samples

We checkedthe hypothesishat
40
Sample Kippt) contaminationis mainlylocatedon
A 0.7+0.3 surfacesf the samples
Bl 0.7+0.2 1'
B2 0.7+0.2
C 0.9+0 2 We decide toremoveathin
surfacelayer

limits @ 90% C.L.
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NAAresults, 40K

Problem of surfacehandling

Untreated After surface

Sample Mass(g) | Mass(Q)
A 6.1786 5.754
Bl 6.973 5.6672
B2 6.9494 6.1678
C 7.2181 6.441
Counts After surface
----- rubbing
keV

samples rubbing
Sample | “%K(ppt) 40K (ppt)
A 0.7+0.3 <0.1
Bl 0.740.2 <0.5
B2 0.7+0.2 <0.4
C 0.9+0.2 <0.1

Sandpaper

Thecontaminationwas

concentratedon the sample

surface

The reported limit on the
presence of% in acrylic are
among the best eveaichieved
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