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Introduction: Low Level counting techniques for bulk measurements

Underground facilities may shields experiments
from the background induced by cosmic
radiation, but isolating the physics process from
radioactive background due to the experimental
apparatus itself, remains one of the crucial
challenge.

What is considered Low Contamination?

For future OvBB decay experiments we consider for some materials:
232Th < 1012 g/g (< 3 uBg/kg)
238 < 1012 g/g (< 12 uBg/kQ)

Bulk measurements:
vy rays spectrometry with Ultra low bkg HPGe
HR-ICP-MS (High Resolution Inductive Coupled Plasma Mass Spectroscopy)
RNAA (Radiochemical Neutron Activation Analysis)
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Copper, thanks to its low content in Primordial radionuclides like 232Th, 238U,

Is @ material used frequently for shields, holders and others objects close to the
detectors of many experiments of Rare Events Physics, so becomes crucial have
a tools able to probing sensitivity of the order of <10-12 g of contaminants / g of
Copper.

CUORE Experiment: shields and Frames are madé*by, Copper

4 TeO, Crystals
Single Module

2614 keV 28Tl Q... OVBB 1¥Te: 2527 keV
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y rays spectrometry HPGe

Mainly on solids

Sensitivity on daughters

Huge amount of materials
few tens of kg

Long running time measurement
few months

Well established technique

Neutron Activation Analysis
Solids and liquids
Sensitivity on primordial

Moderate amount of materials
few tens of g

Medium running time
measurement :few weeks

Technique under development
for low contaminations

complementary approach

HR-ICP-MS

Liquids /dissolved solids

Sensitivity on primordial

Small amount of
dissolved solids

Short running time
measurement:
few minutes

Technique under
development

Sudbury LRT 2010

M.Clemenza

2

8t August 2010




G. Heusser

£© GeMPI

Operated at

LNGS

(3800 m w.e.)

D.L.: 16 uBg/kg 238U (??°Ra)
12 uBg/kg 232Th (228Th)

(e.g. 125 kg Cuor 157 kg Pb)

effective volume of sample
chamber ~ 151

High purity copper (NOSV) directly
placed underground after electrolysis

D.L.: 1.3 x 10-12g/g 238U
4 x 1012 g/g 232Th

Thanks to M. Laubenstein
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Normalised counting rate [d* keV kg]
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HR-ICP-MS: High Resolution Inductively Coupled Plasma Mass Spectroscopy

r i

High Sensitivity for 238U 232Th: 1- 0.1 ppg = 10-15- 1016 g/g in liquid matrix !!

For Copper:

Loss in Sensitivity due to the dilution factor (dissolve Cu in HNO, and dilute 10-100
times) and for the presence of Th and U in Ultrapure HNO, and Ultrapure water

Reduced Sensitivity for 238U 232Th t010 - 0.1 ppt = 10-11 - 10-13 g/g in solid matrix
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Borexino: very sensitive measurements on liquids (scintillators and water)

238U 232Th
sensitivity for scintillator ~ <9.4 107 g/g <2.4 10" g/g
sensitivity for nylon 2.110%2g/g 5.1 102 g/g

matrix with nuclei with low cross section for neutron capture, respect to Th,U
No interfence due a contamination of solvents, acids, water.....

Gamma Tay:

100 Energy (keV) Intensity(rel)
17.26 0.004 (AP}
28.375( 5) 0.11( 4)
1% 40.35( 1) 0.038( 8)
= 41.65( 2) 0.013( 4)
K] 51.5( 5) 0.0008 (LT)
T s 57.90 0.0008
5 R 75.354( 4) 1.39( 8)
< 86.814( 3) 1.87(12)
92.0( 5) 0.004 (LT}
07 103.971( 9) 0.87( 3)
248.5( 5) 0.053( 3)
258.2( 2) 0.0033 (16)
' 271.48( 8 0.328(12)
' 298.5 0.035
[1v v B0z Of
Erergy  [Kew) [ 312.17( 2) 38.6( 4)
340.81( 3) T.47( 4)
375.45( 4) 0.873( 8)
398.62( 8 1.330(12)
415.76( 4) 1.745(18)

Copper: Activation of the sample
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Activation of the Copper

%4Cu t,,12.7h

Waiting time 1 month after irradiation
%6Cu t,,5.1m

Activation of the trace elements in the Copper

Se t,, 120 d

2Ir t,, 74d

198 A t,,2,7d Isfr?aErigr?:ngi tlgisa;ﬁtlvated element with
124Sh t,,, 60d

HOmAg t,, 250d

%Co t,, 1925d
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TRIGA MARK 11 University of Pavia 250 kW

Irradiation time: 30h Central Channel

Flux: 1013 n cm2sec!

10ul Standard Solution
1000 pg/ml 232Th

Sample:199 g Cu
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Dissolution of the Sample:

3Cu+8HNO3 — 3Cu(NO3), +4H,0 +2NO

1999 n.a. 199¢g Irradiated
Cu(NO,), Cu(NO,),
10ul STD solution
232Th

Separation of 233Pa from the other elements presents in the Copper
with lon Exchange Actine Resin Column (Eichrom)
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Polimeric Compound with High
Affinity for all Actinides DIPEX" Extractant
P,P'- di(2-ethylhexyl)methanediphosphonic acid
The uptake of actinide elements by
Actinide Resin - o
10%3—r T - : HCy . R CaHg
B i ) CHCH, 0 ) cHy TOCHLOH
T HoCy on OH CaHy
0* 4= & :
R RS
10’- LA g O "“m H,DEH|MDP)
 — : e
N U ! Horwitz, et al, (HP197)
1 3 - iESEin F o t :
k' !
=== = High Retention Factor
10" =
10%4:
102 ——rrem e
10 107 10° 10
[HCI, M

172
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Retention Factor: 98.9% Recovery: 85-95%

s/EY B
Counts/(KeV h)

Caunt
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Elution aliquots
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Elution Samples-75Se-120 d
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Elution aliquots

Elution Samples-124Sb-60d

10111213 14 1516 17 1918 M 21 220 2 25 B A H BN RV W B BT BB 0 4 2

Elution aliquots

Elution Sample-192Ir-74 d

s amm anm
T2 48 67 6 610N IS I 810 DN RM NEB A NN BN DD NABET BWAN R

Elution aliquots
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—— Reslna_Co_1990 Interferences Reduction
~--- Resina_Cu_199g_2eEluiz 8
- Resine_Cu 1990 3Eluiz 1 1.6E+06
1
075 1.4E+06
- 1.2E+06
>
< 1.0E+06
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- i it it Al i
i 11T 208005
W W '.My'u i J[ I H HE
] o Sl W s \pnd Mt 0.0E+00 - ——
AR AR RS o o o e e e 75Se 1921Ir 198Au  124Sb  110(m)Ag  60Co

520 560 400 40 480 720 /60 800 840 880 220 960 1000

Emergy  [KeV]

Reduction of 99% 5°Co,
98% 110mAg’
89% 192]r,
73% 124GD,
39% 7°Se
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T L T
280 320 360

Column with 233Pa before and after Column with Sample
elution with HNO,, HCI 4M DL: 4.88x10 g/g

Is the best DL in NAA for Copper Sample
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Ganma ray:

Energy (keV)

17.28
28.375(
40.35(
41.65(
51.51(

57.90
75.354(
86.814(
892.0¢(
103.971¢(
248.5(
258.2(
271.48(

258.5
300.34(
312.17(
340.81(
375.45(
398.62(
415.76

5)
1)
2}
5)

4)
3)
3
g)
S)
2)
g)

Intensity(zel)
0.004 (LE)
0.11( 4)
0.039( 8)
0.013( 4)
0.0008 [LT)
0.0009
1.33( 8)
1.37(12)
0.004 (LT)
0.87( 3)
0.053( 3)
0.0039(16)
0.328(12)
0.035
6.62( &)
38.6( 4)
4.47( 4)
0.673( 8)
1.390(12)
1.745(18)
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