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Material screening: why?

Rare event experiments aim to discover new phenomena, producing O(10) events in
O(10 yr) of data taking.

Since very low cross sections are involved (neutrino / dark matter), or a very long half-life
(neutrinoless double beta decay), we need tonne-scale detectors.

Moreover, such detectors demand for massive shieldings against external background:
y-radiation => Lead + Copper
neutrons => Polyethylene (Borated) / Water Tank

muons => Active Veto (e.g. Plastic Scintillators)

Detector + Shieldings = huge amount of different materials (active or passive)

What’s happen if do not select those materias?
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Material screening: why?

Commercial crystal

Data stream of a 1 cm?® lead tungstate (PbWO,) cryogenic calorimeter!!

Each pulse is an energy 3 Hz trigger rate is

release due to a radioactive incompatible with a rare

“ decay event search




Material screening: why?

Crystal from selected

materials

Data stream of a 100 cm?3 selected lead tungstate (PbWO,) cryogenic calorimeter!!
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Material screening: why?

The materials are extracted from ores which also contain unstable
isotopes (of uranium, thorium and potassium).
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Material screening: why?

The closer the material is, the cleaner it must be...not only due to the solid angle!

ol alpha |
B ‘ beta

Y \N\N\N/S
n 2 neutron

Paper/Skin Aluminum Lead Concrete

Materials near the detector produce e, 8, and y background.
Materials far from the detector produce “only” y background.



Material screening: how?

To characterize the contamination in a sample there are, at least, two ways

Concentration measurement Activity measurement
N(t) =N, e™" Alt)=A, e =N /Te"
Atom counting Decay counting

The choice between the two are directly connected with:
1. the decay constant (mean life) of the isotope

2. the sensitivity of the instrumentation

3. the measurement time

The characterization of materials is connected with the specific activity measurement

A = A/Mass
[A.] = [Ba/kg]



Concentration vs Activity

Relation between Bq/kg and g/g for a selected isotope

Mean life \ / Molar mass

| Ba _ lsec] mm[g] g

kg Ng 1000 g
Natural isotopes Anthropogenic isotopes
ZTh  1Ba/kg =2.4107g/g=240 ®Co 1Bq/kg=2.410" g/g
ppb 137Cs1Bg/kg =3.110"° g/g
80 1Bq/kg =8.310°g/g=83 ppb 29y 1Bg/kg=4.410g/g



Uranium and thorium decay chains
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Concentration

Uranium and thorium decay chains Activity
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Secular Equilibrium Breaking Secular Equilibrium:
constant activity along

238 chain 232Th chain the chain

234 i
245,500 4234
Yr

Radium can be drained away,
being an alkaline-earth metal
that reacts easily with water.

Radon, being a noble gas, escapes from the
materials where it was created thanks also to
the long half-life. 11



Current sensitivity of different techniques

method suited for sensitivity for U/Th
Ge-spectroscopy™ y emitting nuclides 10-100 uBq/kg
Rn emanation assay 226Rq, 228Th 0.1-10 uBq/kg
Neutron activation primordial parents 0. 01 uBq/kg
Liquid scintillation counting o,p emitting nuclides 1 mBq/kg
Mass spectrometry (ICP-MS; A-MS) primordial parents 0.01 pBq/kg
Alpha spectroscopy 210Po, ¢, emitting nuclides 0.1 uBg/cm?

* needs counting time of several weeks to month

only Ge-spectroscopy with its high energy
resolution is able to control equilibrium breaking

see e.g.: Borexino Collaboration, Arpesella, C. et al., Measurements of extremely low
radioactivity levels in Borexino, Astrop. Phys. 18 (2002) 1-25
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Some specific considerations

We will focalize our attention on two very powerful analytical methods

Concentration

HR ICP-MS

Liguids/dissolved
Solids

Sensitivity to
primordial isotopes

Small amount of
material (< 1 g)

Short running time
(days)

Techniques under
fast evolution

Neutron Activation

Solids and Liquids

Sensitivity to
primordial isotopes

Moderate amount of
material (tens of g)

Medium running
time, few weeks

Technique under
development for low
level contaminations

Activity

Gamma Spectroscopy

Solids and Liquids

Sensible to gamma
emitters

Few kilograms of
material

Long running time
measurement many
weeks/months

Well established
technique

Alpha Spectroscopy

Suitable only surface
analysis

Sensitivity to whole
radioactive chains

Small amount of
material,<1g

Long running time,
months

Techniques with some
specific applications

13



Gamma Ray Spectroscopy

+
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The emission of gamma rays from nuclei is
normally associated with an a or 3 decays and
it is due to the nuclear level structure.

Since the emission is normally immediate (on
the scale of psec), detection of gamma rays can
be directly connected with the previous decay.

Gamma rays features:

- Well defined energy

- Characteristic of the decay

- Sometime cascades are present

- Ratio respect to decay (BR) is well

established
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Specific activity determination

To determine the specific activity for an unknown source with gamma ray spectroscopy

ﬁ . Countssource o CountSBackground
°P kg MS tmeas BR €

Counts, _ are the total counts collected during the measurement with the source
CountsBackgroumJI are the total counts collected during the background measurement
M is the mass of the sample

t .. isthe total live time of the measurement (i.e. real_time - dead_time)

BR is the branching ratio of the decay

€ is the efficiency of the measurement apparatus (Monte Carlo)

To strongly increase the sensitivity it is necessary

e Reduce Counts, ‘ But...
ackground

® IncreaseM_t
S "meas

15



Specific activity determination

There are some correlation between parameters:
o M1 => €]

® => Counts

meas T Background T

We can conclude that it is mandatory:

e reduce the radioactive background
o selecting radio-pure detector compounds
o shielding the detector (the mountains are also worth it)
o vetoing muons if aboveground

e maximize of the product M€

o optimizing also sample shape and position
o exploiting Monte Carlo simulations and experience

The first important issue to be addressed is the background reduction

16



High purity Germanium Detectors
Li diffused

contact 3 Vy p* contact m - ) T o
\ I:—-----.:I = m— 2

Semi-coaxial

n* contact

Planar True coaxial

—— p* contact: B implanted
- N* contact: Li diffused
— — Passive Surface n-type

Active Volume C

1
1
1

-1
1
I

Single-ended ooax{al Single-ended coaxial

B implanted > \ Surface

point contact passivation

The long story short:
® p-n junction operated as diode (reverse bias) with a uniform electric field (High Voltage)

® a photon interacting in the depletion zone produces a current proportional to the energy
® due to the small Egap = 0.7 eV the thermal excitations produce a leakage current (Id)
® we have to operate the detector nitrogen temperature (77 K)

E I(D) (T’ B f1 1
I4(T)  T? S == B =
all) exP[ 2T | Ly \1) TP 2\ 1, T




High purity Germanium Detectors

Semi-coaxial

Li diffused
contact 3

N

v, p* contact

D
- -

n* contact
Planar

True coaxial

—— p* contact: B implanted
- N* contact: Li diffused !
— — Passive Surface

Active Volume |

s X

Single-ended coaxial Single-ended coaxial

B implanted Suﬁaqe
point contact passivation
Pros: Cons:
e large active volume (hundreds cm?) ® |ow detection efficiency
e very high energy resolution (2 keV at 1332 keV) ® (uite expensive
e fast signals
® intrinsic radiopurity
® pulse shape discrimination
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Background sources in HPGe measurements

1. Environmental radioactivity g w ;neutron
2. and shield material: |
: . . _ AN VETO
a. primordial, anthropogenic, cosmogenic N\
3. Radon and its progenies b
Ny o
4. Cosmic rays secondaries: 2-6“*'-’"'\\
d. MmMuons \’w [ i (V"Pb)
v
b. neutrons | [pET} [
.. . = A
5. Neutrons from natural fission and (Q,n) reactions | " oSIMeNs
{ X .4 |
.S W e
Pb &
I Rn 0.51 Mevlc
> 200 ’_‘—10
5‘l80:— H e
£'%"  environmental
8" gamma field
S concentration [Bq/kg]
120 Th
100 rock 238 | 22Th | %K
80:— T
;. H granite 60 80 | 1000
40 v limestone | 30 7 90
20
0 1 e B 1 =9 ¥ T | Ll.g._;_._l
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1. Environmental background
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1. Environmental background

8
10 T T 7
: ANG2 at LNGS, no shield
Heidelberg Moscow, 86 % enriched in 7°Ge
10°
>\ 4
210
>
s
€2
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Q
10°
© plus continuous contribution
. of Ge intrinsic cosmogenics : ‘
1 0‘2 1 1 1 1 1
0 500 1000 1500 2000 2500 3000

Energy, keV
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2. Contaminants in detector and shield materials

GEMPI
Heusser-Laubenstein

source pipe Cubraid  FET
Purity Activation oy,
Location Y Exposure Achieved Reference
Lssue Rate Assay
Clermorium | “*Ge, “Co 100 d 1 atom/kg/day [Avig2|
Component | poygor Purity
2 2 ; Current work
208 3 1, / A i {
) L[;::’:;rl I'lin Cu 2 ke 3 1Bq/kg 0.7-1.3 Bq/kg also |Arp02]
Very pure copper is normally * | 24Biin cu A 10uBa/ke |\
o ¥ ) Current. work
. 210 . / <13 uBa/
used to built many cryostat Crvostat | RO geig ( 0.1 uBafkg | Q713 uBajke | 1oy 1 arpon)
. . 214Bj in Cu 0.3 uBq/kg
and shielding parts (e.g. end - v | Crarveat work
208T] in Cu 0.1 yBq/kg .7-1.3 uBq/keg
Cu Shizld 310 kg o £ also [Arp02]
cap) 1B 10 Cu \ 0.3 uBa/kg
— “5T] in Cu 1iaforytal Bg/k 1000 ;By/kg

2148; in Cu

100 1 Bq/ke

All possible radioactive materials
must be avoided or shielded
Front end electronics must be put
“far away” to Ge crystal

ICP MS
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2. Contaminants in detector and shield materials

We have to “protect” our
detector from the radioactivity
component present in the
environment of the laboratory

To reduce the gamma ray flux
on the detector that comes
from the environment a lead
shield is installed

Why we use lead?

23



2. Contaminants in detector and shield materials

material activity [uBq/kg] attenuation of
2.61 MeVy
26Ra (U)  **Th(Th) K various
lead <297 <227 2109 <4E3*°Pb” | 285cm Typical material for HPGe
copper <16¥ 99 <19?  <88Y <10%Co” | 40.9cm Detectors shielding
steel 130" < 40? 50 140 °Co® | 46.2 cm
water <1*  004%0.008° <29 324 cm
lig. sc. (PC) | 10°" <10°"  <o0001" 373 cm
lig. nitrogen| < (0.3* 107 “Ar? 0.04 ®Kr?® | 443 cm xperimental
lig. argon 600* 10°¥Ar™ [ 276 cm volume
lig. xenon 1 ¥Kr? 120 cm

¥ GeMPI:; ¥ bolometric Milano; © Ge PNNL: ¥ Z*Th by ICP-MS Ispra;
V2Th by NAA TU Miinchen; D2Ra + 2 Th by Bi-Po Borexino:
* *’Rn MPL-K; ® Rare Gas MS MPLK " PC Bern, WARP: " XMASS
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2. Contaminants in detector and shield materials

GeMPL

Ge spectrometer of MPI-K
at LNGS since 1997
(still state of the art)

High purity copper
directly placed
underground after
electrolysis

15 | sample
chamber

holds e.g. 125 kg Cu
or 157 kg Pb

25



2. Contaminants in detector and shield materials

The ultimate background in HPGe is due to bremsstrahlung
produced from the electrons emitted in the ?1°Bi decay.
Archaeological Lead is a possible solution.

lead sample | weight | time specific activity [uBq/kg]

DowRun 1446 [ 101.7 | <29 <22 440+ 140 | 98+24 | 2.7+04)x 107

Boliden 1443 | 750 | <46 <31 460 +170 <13 (2.3204)x 10

roman 22.1 37.2 <45 <72 <270 <19 <13x10°
bolometric measurement: Allesandrello et al. NIM B142 (1998) 163 <4x10°




3. Radon and its progenies

Radon, as noble gas, emanates from materials containing U and Th.
In particular 222Rn with an half-time of 3.8 days can diffuse far away.
It can flow close to HPGe detector entering inside the shield.

To avoid radon close to detector it is possible:

[ counts per channel and minute]

I
no

- flux the internal part of the shield with N
- pump the internal part of the shield
- hermetically close the shield (and wait)

- 1120

— 1238

BEERIR ' T L T

<X & KAPTON FOIL AROUND THE DETECTOR:

B
&8 8 after 100 min  after 3900 min ~3 d
g after 14300 min ~10 d
g Bi-214
Y = A ——
O]

—~ 1764

— 2204
2615 T1-208

700

1400 2100

energy [kev]

| 6.H. Int. student workshap on v-less Bp-decay. LNGS, ILILIO

neutron

T ~ VETO

NN

'\,_\’ L':
NN
2.6MeV\‘\,\' \’ 8

A
\l 4
0.51 MeVl 4

L Pb W
0.51 Mevt

....

% ZIOE 1 (ZIOPb)

g | el B
¢ DET.] |4

G Heusser MPI Munich
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4. Cosmic rays secondaries

Copper shield of HPGe
crystal can produce
some background due
to cosmic rays
activation

Cosmogenic activation
produce larger activity
in copper respect to
primordials

cosmogenic production rates in Cu at sea level

M. Laubenstein, 6. Heusser,
Appl. Radiat. Isot. 67
(2009) 750-754

radionuclide halflife production rate (saturation activity) [nBq/kg]
cosmogenic expozed unexposed estimated®e
%¢Co 77.31d 230 = 30 557
*Co 27183 d 1800 = 400 2147
%8¢o 70.86 d 1650 = 90 3878
¢co 5.27 y 2100 = 190 <10 2367
*Mn 31215d 828 = 82 701
“Fe 445 d 118 + 32 157
*sc 83.70d 53:18 03
N 15.97 d 110 + 40
primordial
26Ra (V) 1600y <35 <16
#%Th (Th) 191y <20 <19
i 1.277x10° y <120 <110

Cebrian et al.,
Astrop. Phys.33
(2010) 316-329
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4. Cosmic rays secondaries

At sea level, the charged component of cosmic rays give a strong contribution to background
This also produces neutrons in interaction with the lead shield
Neutron interaction will produce activation of the spectrometer

10-1 T T T T
muons— — — —_ How level lab; MPI K At LNGS, muons are reduced
- 10_2 L ~ 115m w.e. )| .
R c‘;;‘;o';':m ~ | by 6 orders of magnitude
o (~97°% neutrons) K thanks to 3600 mwe of rock.
E 1073 [ neutrons produced 7 N G
i T e
.\
2 N
@ 10-4 L I \\ —
o neutrons from fission and (a,n) b \
g TN
= |
107° |- | ®
|
|
10-6 ] | | |
0.01 0.1 1 10 100 1000

Depth [meter water equivalent] 29



4. Cosmic rays secondaries

Observation of HPGe spectrum give us also the indication of neutron activated isotopes

T 0,545717120_4 msec | background of Pb/Cu and veto shielded Ge-
l 8 detectors at sea level and at shallow depth
150} ¢ &
3 A : | n-induced lines
? (in Ge B- and p* decays result not in a line) G. Heusser
100 MPI Munich

Cu—-63 «

surface lab
W. Preusse, PhD thesis TU Freiberg

S0

counts/keV kg day

Ge=72/N/Fa=56 «
Cu-65 <*—

Co—-60

Cu-83/Co-80 «——

Cu—563 «—
K=40

8

|
=

Bi-214

0 " 500 1000 1500 2000 2500
energy in keV
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5. Neutron production by (a,n) reaction

Neutron flux on detector can be produced also by natural radioactivity

TABLE Y9 Uranium and thorium concentrations for various types of rocks. along with
estimates on neutron production from such sources. Granite types A, B, and C are from
rock samples taken in Karkonosze, Poland. Salt types 1 and 11 are from Wieliczka Salt
Mine. Poland. Tabulation from Reference (144) with permission

Uppm) Thpppm) Ule,n) Thie, n) Fission

Type of rock  Concentration (ppm) (neutrons/g/y) Total yield
Granite 5 11 7.85 7158 2.33 17.9
Limestone | | 0.64 0.285 0467 1.4
Sandstone | 1 0.837 (.38 0467 1.7
Granite A 1.32 1.79 2.24 5.92 .62 8.8
Granite B 6.25 4.59 10.62 349 2.92 17.0
Granite C 1.83 4.38 311 3.33 0.85 3.3
Salt 1 (.30 2.06 .60 4.77 0.14 6.3
Salt 11 0.13 1.80 4.17 .69 0.06 4.9

J. A. Formaggio, C. J. Martoff, Annu. Rev. Nucl. Part. Sci. 2004. 54:361-412
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Material screening: where?

type volume [cm3] rel. efficiency FWHM [keV]

GeBer n-type 235 56%

SubTErranean Low Level Assay @ LNGS s S— a2l
GePV p-type 363 91%

One of the best applications of the recipe: 6sOr p-type 414 96%
. GeMPI p- 413 102%

e 14 HPGe installed underground o i
) ) GePaolo p-type 518 113%

e Shielded with selected copper and lead GeCris p-type 465 120%
e Continuous anti-radon flux system GeMulti p-type _4x225 4x96%

Thanks to M. Laubenstein 32



Best installation of HPGe measurements

At LNGS a lot of work was done to optimize HPGe detector background
In collaboration with the producers new and innovative approaches are tested
In particular very low background instruments were realized and used

detector total and peak background count rate [d1 kglg,]

40-2700 keV 352 keV 583 keV 1461 keV

GeMi Ho5:E 7 41+10 14+05 6.1+08
GePV 498 + 5 2.6 +0.7 18+04 32+04
GsOr 442 + 5 20+05 0.76 £ 0.35 42+05
GePaolo 222 + 2 1.1+ 03 0.31+0.16 18+0.2

background improvement

GeCris T2 0.29+0.22 <0.13 0.88 +0.22
GeMPI 30+2 <0.07 < 0.06 0.24 £ 0.03




Examples from everyday life

Clean sample (CuPEN m = 100 g) on ultra clean HPGe (15 days)

40K

Dirty sample (Cryo Switch m ~ 120 g) on HPGe (6 days)

Search for gamma lines:
http://www.Inhb.fr/nuclear-data/module-lara/



http://www.lnhb.fr/nuclear-data/module-lara/

Backup slides
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Other approach to the background
reduction

An active rejection method can be applied
to background reduction

Two low background HPGe detectors
operated in parallel to look for

® coincidence events

® anticoincidence events



Gamma-gamma coincidence
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2000

3000 1.

Energia

keV

1000

(1l |

T B T B |

!

11

grlel]igergtig gop fiag

o Scatter Plot standard 232Th
o 0
8o ?%00 9
¢ & ° - - - -
' &y Eventi in coincidenza
&% - con il fotone da
B 2614.7keV
‘?o 0000
o 4 ®
t‘gi °°o 4 o ° ,.Q)"
o %o, e o8 % ?
v
S
00 0
Q
<
¢
% 8 o °
: R s
RPN T L IE NN
I 3 % 00 YN
' ?‘ X % ° ¢

|||||||||||;|||||| LU |I|'|I|||l§|r|l[ll|l| LU UL UL L LU UL U UL T L
200 600 1000 1400 1800 2200 2600 3000 3400 3800 4200 4600 S000 5400

Energia keV GM

Analysis can study
- Full energy peak
- Compton scattering

&

This will improve
detection efficiency
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Coincidence spectra

Coincidence spectrum of ’Na Measured and theoretical spectrum are the same

22
Na (2.603 year)

© eolneieOint, v
Electron capture/
(9.-‘ % ’ / ‘q.‘. l
/ P i
. V90.2%
1274.5 i~ R02%)
- 0
“’Ne
Considering - B e

e the background of the detectors
e the global coincidence efficiency

It is possible to evaluate a sensitivity of 100 uBq/kg for 222Th measurements

without placing the detector underground..
38



Beta-gamma coincidence

If you can dissolve your sample in a liquid scintillator...

. PMT
Scintillatore =

PMT
4 ] N
Dewar V Loaded
oade
Piombo E 3 .
. Liquid
k. y Scintillator
v
HPGe

Germanio
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Alpha/beta discrimination

A o e It is possible to discriminates
. ‘i alphas from betas particles
5 e = Different cuts
: $ / after 15 nsec | Tail Area
5 i PSD =
£ | N ] Total Area
o /: \k
0 50 Ternl;oo (ns) 150 200
Alfa :
gw goe £ Ve
| il 7t \Alfc:
N Beta Beta

0 5 10 15 20 25 30 35 40 45
Integrale totale (V'ns) Integrale totale / Ampiezza (ns)

50
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Alpha/beta discrimination

o 7 186keV L
95-100 keV HPGe spectrum in coincidence
238)) - 4.46-10°a LU askev with the liquid scintillator
a (4.12MeV - 23%) 163 keV
/ 100 // 7 205keV iy 7 00T kY
24Th-24¢ e 511keV Totale
g y (92keV-5.6%) § ® Alfc
Q
y (63keV-3.8%) © ¢ Beia
10
234mpa-1.17 m
y (1001keV-0.83% )
B | v (776kev-021%)
24Y.2.4-10° 3 1 ‘ I HH }
0 200 400 800 1000 1200
Eneraia (keV)
186 keV 71 352keV | 609 keV |
’ N, 242keV ‘
f 5 295keV
(-
e
' I Sl
T w My Ml | ' 41
| bt bl L) A b |

o PN P S




Mass x Efficiency optimization

Efficiency is an important parameter for the optimization of the HPGe measurements
- € must be calibrated with dedicated measurement
- € must be maximized
- € is connected with each detector but also with each sample

In a standard approaches € is determined using calibrated sources but
- only specific geometrical configuration will be calibrated
- only specific energy will be determined
- only specific radio nuclide can be tested

A possible solution can be found using Monte Carlo simulations
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Monte Carlo simulations

As a guideline we’ll consider the following use case:

* A user would like to compute the correction
curve for a detector coupled to the surface
of a simple cubic specimen.

 What is needed is just the following
v/ A detailed geometric description of the
specimen and the detector plus their
mutual position in space

v/ A description of the materials involved

v/ The strategy to compute the efficiency
curve for this specific setup

\ 3
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Monte Carlo simulations

There are notoriously several possible strategies to adopt for computing the efficiency
response curve of a given setup. The one adopted in our demo is the simplest one:

a sampling of monocromatic gamma
rays emitted at different energies
from the specimen and collected by
the detector

The choice of the energy sampling
points, their number and their value
is fully under the user’s control. This
of course affects the granularity of
the response curve obtained.

We’ll discuss other possibilities
which are implemented in the
simulation tool but not yet in the
web interface version
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Monte Carlo simulation strategy

Define/Choose Geometry:
-  Detector (Ge Coax)

- Source (Disc)

Define source features:
- Material (e.g. iron)

- Radioisotopes distribution (e.g uniform)

Define the list of y energy lines, E, on which to build
the efficiency curve

Generate (independently) N gamma’s for each line
energy Ek

Build spectra of detected energy depositions in the
detector

Build the efficiency curve as a set of points (E,,
£=Nk/N) where Nk are the numbers of fully detected
photons

Counts

40000

30000

20000

10000

o
(@]

Efficiency (%)

4.76 £ 0.02
400 2.86 +0.02
900 1.55+0.01
1500 1.06 £0.01
2300 0.75+0.01
3000 0.57+0.01

A=R__/BR/e
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Energy [KeV]
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Monte Carlo simulation strategy

Nuclear cascades correlate different gamma lines which can interact simultaneously.
Coincident events subtract counts from photo-peaks and efficiency are lowered.

Nuclear cascades are correctly described starting from the nuclear level schemes
Corresponding spectra (source dependent) are then produced

-
§
N
- . 52714y &
Efficiency curve (source dependent) is 5 0 N
- - - & &
generated as pairs (Ek,Nk/N) where N is the ~ ggCO %@&& 89 @
Ny &9 N
total number of generated nuc'lear decays, 0, =2823.9 \é’@@a’ﬁq‘? N
E are the gamma energies of the SN
k. . . 00025% 75 4t VOO QO X 2505766 ¢
radioactive isotope and N,  are the 002 12, 2 TTIRY & 218,64 55 s
. 0
corresponding numbers of detected counts ots7% 1502, 2 9 1992518 715

ot

l stable
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Monte Carlo simulation strategy

Cascade effect increase with the solid angle under which the source illuminates the detector.
An interesting example is a point-like source inside a well detector.
This approximates a 41T coverage and we expect significant corrections.

0Co

1173 16.2 £ 0.06 7.81+0.04
1332 14.6 £ 0.06 6.8+ 0.04
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Monte Carlo simulation strategy

* A source point placed in contact to the detector generates coincidences (due to cascade
effects) which distort the efficiency measurement.

* The farther away the source, the less severe this problem becomes due to solid angle
effects.

 The simulation program correctly considers the convolution
of these effects for a spatially distributed source

Ener Efficiency with Efficiency with
gy no cascade cascade

1173 3.21+0.03 2.71+0.03

° 1332 2.92+0.03 2.42 +0.02
1173 0.50 + 0.01 0.49 + 0.01

° 1332 0.45+0.01 0.45 +0.01

0 1173 2.95E92+2.70E%  2.84FE%2+2.70E%

1332 2.62E°2+ 2 .60E %3 2.23E92+ 2 403




Monte Carlo simulation strategy

A STD way to approximate efficiency curves for distributed
sources is by averaging experimental efficiency curves for ‘
point-like sources at extreme positions.

The reliability of this approximation depends usually on
the source extension and can imply significant errors

”w . - .
Energy (keV) Efficiency (%) Efficiency (%)

Average Distributed

100 13.11 £ 0.11 4.9+ 0.04

400 6.95 £ 0.08 3.05+0.03

900 3.44 £ 0.06 1.67 £ 0.02

1500 2.29 + 0.04 1.14 £ 0.02
2300 1.54 + 0.04 0.82 + 0.02
3000 1.18 £ 0.03 0.61 +0.01
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Alpha Spectroscopy

U-238 ] i [ Th-232 U and Th chains show a sequence of alpha decay
4.47 x 107y l 141 x 10y
= l 2 = N . . .
= i It will be possible to test all the chains
24 10d ] T 1 . -
B_L“ i from primordial to the last nucleus
Pa-234m 19.9min m?.;-_m
Po-214 I
Due to the high dE/dx of alpha particles:
_L_ * Measurements are sensitive on surfaces
g * We can study the contamination profiles
Bi-210
220 50124 Bl * We can measure specific chain parts
.mm,,\ g 7 ' \
Rn-222
3.8235d = }
- Pb-206
s - 2015 Large detector surfaces are useful

al _'-)‘.,"I'~ 50



Alpha Spectroscopy - System

A Complete Alpha Spectroscopy System Consists of:

Alpha Particle Detector with high resolution, low background, and detection
efficiency appropriate for the application.

Vacuum Chamber to ensure a-particles can reach the detector as they are easily
attenuated by air.

Recoil Contamination Avoidance Package (RCAP) to keep the detectors from
becoming contaminated by daughter products that may leave the sample material
(negatively biasing the sample holders, to repel the ions from the detector).
Electronics for detector signal processing and storing the energy data

Analysis Software to control the electronics, analyze spectra, establish quality
control processes, and integrate data with laboratory data management systems.
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https://www.ortec-online.com/products/radiation-detectors/silicon-charged-particle-radiation-detectors
https://www.ortec-online.com/products/radiation-detectors/silicon-charged-particle-radiation-detectors/si-charged-particle-radiation-detector-accessories/807
https://www.ortec-online.com/products/radiation-detectors/silicon-charged-particle-radiation-detectors/si-charged-particle-radiation-detector-accessories/rcap-2
https://www.ortec-online.com/products/radiochemistry-health-physics-research-industrial/alpha-spectroscopy/spectrometers/alpha-suite
https://www.ortec-online.com/products/application-software/alphavision

Alpha Spectroscopy - Detector

Silicon Surface barrier detectors:
* High energy resolution (~35 keV)
e Thin entrance window (40 nm)
* Intrinsic low background
* Small thickness to minimize cosmic ray effects
« Small/medium surface area (10 cm?)
* Unclear environmental background
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Alpha Spectroscopy

Surface contamination became an important aspect for future low background
experiments

Strategies to identify surface treatments are crucial in order to minimize the effects

Minimization of counts

W
Impact of surface
MM treatments
oo LD I [,

Energy

Spectral shapes \Daefmeclmng

10 fter Cleaning

8

Identification of
contamination profile

=
L IIIIIIII| IIIII%
L_r——— ——

Detailed analysis could be possible if detector background is under control

Typical sensitivities 107/10® Bg/kg

53



(not only) Alpha Spectroscopy

U-238
447 x 10%y

”l‘

Th-234
24.10d

|
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243535 x 107y

|
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|
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.J]
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2220y =~
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1600 v £
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al = 24L1%
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1.540 - 17.6%
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1423 - 8.1%
1.892 - 7.4%
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1151 - 4.3%
1.727 - 3.1%
0.822 - 2.8%
1.253 - 2.5%

609.3 - 45.5%
1764.5 - 15.3%
1120.3 — 14.9%
1238.1 - 5.8%
2204.1 - 49%
768.4 - 4.9%
1377.7 - 4.0%
934.1 - 3.1%
1729.6 - 29%
1408.0 — 2.4%

Po-214
164.3 ps

Typical sequence
214Bi

Fast decay sequences could help in disentangle:
* Uncorrelated backgrounds

* Cosmic rays
* Timing correlations
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Details in https://link.springer.com/article/10.1140/epjc/s10052-021-09759-5

Alpha Spectroscopy
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Fig. 1 Experimental data (black) and MC simulations (green) referring to the measurement of the copper plate contaminated with the 2>Rn
daughters belonging to the 233U chain. In the left pad we show the lower energy range where we searched for 2!Bi B-events in time coincidence
with 24Po a-events (right pad). The MC spectrum, comprised of 2!4Bi and 2!4Po events only, is normalized at the >'4Po o peak and, as expected,
does not match the experimental data at low energies because of contributions from other B-emitters and environmental background. By selecting
214Bj —214pg delayed coincidences in both experimental (red) and MC (blue) data, we get a good reconstruction of both 2'4Po a-peak and 2!#Bi
B-spectrum. 55


https://link.springer.com/article/10.1140/epjc/s10052-021-09759-5

Details in https://link.springer.com/article/10.1140/epjc/s10052-021-09759-5

Alpha Spectroscopy

Sample: 23*Th contaminated copper plate 220Rn — 21%pg coincidence (Th232)
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Fig. 5 Measured spectrum (black) and selection of 22Rn—2!5Po de-

layed coincident events (red). We show the MC simulated spectrum

of the full 2>2Th chain (green) normalized to the same integral of the

measured spectrum in the E > 2 MeV range, and the corresponding

selection of 22°Rn—?1%Po coincidences (blue). The difference between

the selected coincidences in the experimental data with respect to the

MC simulations is compatible with the number of random coincidences e
estimated from the plateau in the fit of Fig. 6.


https://link.springer.com/article/10.1140/epjc/s10052-021-09759-5

Details in https://link.springer.com/article/10.1140/epjc/s10052-021-09759-5

Alpha Spectroscopy

Sample: pure copper plate

Identifying the source in a flat continuum
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Fig. 7 Measured spectrum (black) and selection of 214Bj —214pg (red)
and 22°Rn —21®Po (blue), belonging to the 2>3U and 232 Th decay chains,
respectively. The analysis of time correlations allows to disentangle the

238U and 232Th contamination in the continuum produced by energy-
degraded as.
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Alpha Spectroscopy - Calorimetric approach

Also operating a certain material as cryogenic calorimeter, we can perform
interesting d-spectroscopy analysis

CUPID -0 DATA
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T TTTTI
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Fig. 2 Top left: CUPID-0 Mg, spectrum with the following peak  (10) 2!8Po, (11) 21Bi + 214Po, (12) 2!%Po, (13) 23! Pa, (14) 2!!Bi, (15)
labeling: (1) °Zn, (2) °K, (3) 298TI. Top '§ht: M, spectrum with 147Sm. Bottom left: M spectrum. Bottom right: ¥, spectrum with the
the following peak labeling: (1) ?*>Th, (2) 2*°Th, (3) >**Ra, (4) ?!*Bi,  same labels used for Mg, peaks cg

(5) 212Bi 4 212P0, (6) 238U, (7) 234U o4 226Ra, (8) 230Th, (9) 222Rl’l,



Alpha Delayed Coincidences - Calorimetric approach

We can exploit delayed coincidences to investigate the
bulk vs. surface contaminant location
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Details in https://link.springer.com/article/10.1140/epjc/s10052-021-09476-z 59
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