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Low background
experiments

rare events GIUSiVG rates
DBD2v & DBDOV < 1072-107* c/keV/kg/y
DM interactions with RM > < 107°-10"* c/kg/d

rare o/B decays < 107°-107* c/kg/d

Low radioactive techniques are
DBD signal

used:
BB2VN gg0y * material selection
% * underground 1nstallation
S * (re)contamination control
* highly sensitive detectors
BROV
SUM ENERGY OF ELECTRONS Q
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Sensit

SOV:

1vl

' minimum number of detectable signals }
¢ above background at a given C.L. !

- - —[M: detector EC: measuring]
i.a.: 1sotopic mass time
abundance \\ t//
S0 X AL BT
/ =
AE energy
B: background .
( g ) resolution
Q value: 2995 keV Q value: 2528 keV
Material: 7ZnSe Material: TeO,
Enriched a.i.: 95% Natural a.i.: 34%
Source Mass: 15 kg of Se-82 Source Mass: 206 kg Te-130
Projected Bkg: ~1073 c/keV/kg/y Projected Bkg: ~0.01 c/keV/kg/y
Resolution: ~ 10 keV (@ROI Resolution: ~ 5 keV (@ROI

Sensitivity Ti,2:

~10%6 y in 5y

Sensitivity Ti,2:
F Alessandria et al., arXiv:1109.0494

LY fOr DBDOwV

halfVllfe”correspbndlng'to the ;

AN

~10%6 y in 5 y
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Surface background i1issue

Cuoricino: ® first large array (62 bolometers = ~41 kg) for DBD
QTLNGS e high statistics (exposure: 19.75 kg (Tel3V)xy )
® energy resolution @ DBDOv: 6.3x2.5 keV

- 0.17 c/keV/kg/y |

iExternal

‘high energy v
E. Andreotti et al., Astropart. Phys. 34, 822 (2011) ¢ (232Th)

| Degraded o struggling
£ from TeO, and Cu |
surface
contaminations
(232Th I 238U) 3

Rate [counts / (keV*kg*y)]
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Decay on detector

—10nNS

Decay on detector

0N Etot 2 @ Etot
o decays (21%Po: o=5.3 MeV, é <> g
R=100 keV) may occur on 0 Ro 9 eRTa
surfaces of Cu structure or
on the detectors Emgii
0 enerqgy 0 enerqgy
N.B. bolometers are
fully—active detectors Decay on copper Decay on copper
410 410,
D D
= :
8 ¢R 8 ex
Etot = Ea + Erecoil Erecoil E,
e Alpha o f/' fl
o Recoil nucleus R
Parent nucleus
0 enerqgy 0 enerqgy
Decay on detector
4(0
1-2-4 may induce a bkg in the =
“‘high energy region” 5 | Rtec Erecoil
O
3-4-5 in the “low energy” region f/
detector detector
0 enerqgy

M. Clemenza, C. Maiano, L. Pattavina, E. Previtali, Eur. Phys. J. C 71, 1805 (2011) 6
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Radon 1nduced
contaminations

210Ppo i1s the most intense source of surface
contaminations 1n DBD bolometric experiments
(and not only).

longest
238) T=4.5x10° y half-lives

. in the chain
Radon decay chain

‘——>  222Rn T =384
|

L
v

2159 T=3m

N

" o 5.5MeV—100% |

B 16 keV; 63 keV 4

210BjT =501 d

B 117 Mev-99%

© ot 6 MeV - 100%

218ph T =27 m

B 1 MeV - 100%

214Bi T=20m

| B 3.3 MeV - 99%

@ 7.7 MeV-100% |

21poT=016ms |
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i 210Pb and 21%Po are 222Rn daughters
and background sources

W i JER =~ = _ Ao EN N =~ a _ R

I Radon is the most intense |
¢ air-borne contaminant }

R SO =

Is “2?°Rn the primary source
of surface background °?

* Storage of material in non-ultra-pure containers
* Handling 1n non-controlled environment

* Not appropriate surface cleaning

- Exposing an radio-pure material to “%°Rn will
contaminate the sample?
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‘22Rn experiment

 We expressly expose different radio-pure |
“materials to an atmosphere rich in 2?°Rn. |

D= e Ty 3 N 3 ibad S ~ IR
ST e A o e he o~ T RS SR PR B S

fWe analyze the surface 2
@contaminations of the samples due to'ﬁ
. the exposure. 3

» o
P A R

ké* We evaluate the probability that a nucleus of ?2?Rn (or
§ daughters) can stick on the surface of the sample (2?22Rn Sticking
2 Factor) .

E* We analyze the mechanisms/dynamics that lead to sample
f recontaminations.

D X
S

Surface barrier
detector

238
source -

=8
source

TeO, .

'F' slabs

Rn ,
detecor

2380
source

M. Clemenza, C. Maiano, L. Pattavina, E. Previtali, Eur. Phys. J. C 71, 1805 (2011) 9
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samples exposure

222Rn concentration
inside the Rn-box

MATERIAL |Exposure [days] o
“-@ saturation -

o ; _

o 320 kBg/m ]

3 o

é 2504 ///

= ~

—2._2m //

B /

5 1% /
0 . ‘~.u ' 1"::.[” 15 :{..

After the

exposure we
measure the

sample : p, CoOpper sample

0%k . .

1 : * Po 1sotopes stick to the
1o surfaces

g B

c ‘

8 ' * 214po and “4'%Po peak+tail
1&!

i * Talls extend to low energy

107k

12000 14000 16000
U keV

:
g
:
:
:
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210Po contaminant & Xgn

Copper

[Counts/h)

* : 222 : :
wer 170h measurement acquired after No evidence of Rn contamination

s T(?2?2Rn) > t >> 1 (%8P0, 21“PO)

* 210po contamination produces a continuum

* 210po activity is proportional to
exposure time (for the same materials)

* 210py jncreases with time

[keV]

Sticking Factor (Z) for a nucleus that MATERIAL p

interacts with a surface (S) 1s defined as:

the ratio between the number of nuclei that PTFE (3.061+0.22) - 1071
stick on a surface (A% *Tpp,) and the total

number of nuclei that are close enough to the

surface to stick (I'~ Rn concentration).
(3.75+0.21) - 1010

F . S . texp N.B. We refer to ?'%Pb activity because we assume
that after a long period of time (t » Ti/2rn), all
the 22°Rn daughters have decayed and have
populated the ?%Pb level.

0 /\Ph

Apo = Apy, (e7Aret — gmArot)

’\Pn - /\Ph I I
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210"

PO contaminant & Yrn

Copper sample

g‘d . * No evidence of 222Rn contamination
8 acqulired after ~1.5 year

* 210po contamination produces a continuum

* 210po activity is proportional to
exposure time (for the same material)

* 210py jncreases with time

6000
[keV]

Sticking Factor (Z) for a nucleus that
interacts with a surface (S) 1s defined as:

MATERIAL 2Rn

the ratio between the number of nuclei that PTFE (3.061+0.22) - 1071
stick on a surface (A% *Tpp,) and the total

number of nuclei that are close enough to the

surface to stick (I'~ Rn concentration).
(3.75+0.21) - 1010

AZlopy, * T210pb
n—

F . S . texp N.B. We refer to ?'%Pb activity because we assume
that after a long period of time (t » Ti/2rn), all
the 22°Rn daughters have decayed and have

\ populated the ?%Pb level.
Apo = Ay ——2— (e~ rrt — g~ Arot)
! P ’\Pn - /\Ph (C ‘ ) I 2

Wednesday, April 10, 13



10Pb production

. ?10Po contamination is driven by 4!Pb contamination
| => 210po activity does not decrease with time

_—— e = ee—a e ————— =& & ———— S

?10Ppb on the surface can be produced by:

221Rn T«38d
4 L 5.5 Mev - 100%
* direct “19%Pb surface sticking (prompt) 211Po T=3m | i
@ 6 MeV -~ 100%
2%pb T=27m T P snan »
* 218po & 214Po isotopes sticking (delayed) prver-ton |3 Torot-maaa ) )
298| T+20m s N ST el

3%ph T = stable

P33 Mev-m%

Mipo T =016 ms

210Pb evaluated from 4!°Po contamination.
“prompt” (t ~ h) and “delayed” (t ~ 1.5 y).

In Clean Room design Po
210Ppb production mechanism 1sotopes contamination must be

A0 (210Pb) ge1ay /A% (21°PD) prompt = ~6 kept under control

A

~85% of 2!19Pb contamination is generated by
Rn fast daughter decays (2'8Po and 2'“Po)
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Conclusions

- Surface contamlnations are a serious
limitation for low background experiments

- Rn exposure of ultra-pure samples 1nduce
re/contaminations

- 210Pb (and especially Po isotopes)
contaminations must be took under strict
controls

- We have evaluated the sticking
probability of 49°Rn, long-term exposure are
dangerous
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