Shielding Strategies

Karl Tasso Knopfle
MPI Kernphysik, Heidelberg

Application of Germanium Detec_i"tor'lin Fundamental Research
_ Tsing'hua_ University Bejing, March 24 - 26, 20011


mailto:ktkno@mpi-hd.mpg.de

outline

Introduction

Shielding against external background h
cosmics

natural long-lived activities | _ _
examples — . passive shields

Surface contamination

o — active shields
Intrinsic background

Ultimate designs?

Conclusion

Beijing, 25Mar20011 K. T.Knopfle: 'Shielding 2
Strategies’



our radiation environment

England Germany
Medical Inhalation (hauptséchlich
radiotherapy and Radon Radon und Zerfallsprodukte)
diagnestic /7 50.1% Fallout etc.
14.3% 1%
Kosmische
Strahlung
Gamma rays

from the ground
and buildings

13.5% 1
,f’f |' ﬂu:: ;:;T:ES Terrestrische
Internal from  macmie 0. 5%, Siminng
i by il e
total: 2.6 mSv/ a (PTB-BMU 2003)
(NPL-UK 2008)
1mSv ~ 80 kBq
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Introduction the need for

shietding-

Ge-76
_In2 - Natom - timel 5.47-10%- (mass / kg) - (time / yrs)
Ta = Ndcy B Ndcy [yrs]

*  90% confidence limit (C.L.) in case of zero event (F.C.: Ndcy=2.44):
T, > 2.2-10% (m / kg)-(t/ yrs) [yrs]
» increase mass and time, too naive:

2) sensitivity in case of background :

Ndcy » ' Nbgnd + Ndcy ~ ¢V b-m-t-AE Ge-76
b: background index in [cts/(kg-keV-yrs)] 0.1
AE: resolution [keV] 3.3
4.16 x 10*%y /=a Mt
. . v ¢, _
Ty >constV(m-07®-AE)  T{jyny) = ——— (”) N
» reduce background index b « *RevModPhys 80(08)481
» optimize energy resolution AE <
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Introduction
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cosmic rays
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cosmic rays
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Muon Intensity, m™y’
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Muon flux vs overburden
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(Shallow) WIPP
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Kamioka
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# Current Laboratories
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cosmic ra
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cosmic rays

T

muon induced neutron flux
Mei and Hine, PRD 2006
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NB: Low energy neutrons are also produced by fission and (0( 1)) reactions!
Sonflicting predictions for, h”pnemvspectrum > measure n-spectra
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cosmic ra
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natural long-lived activities
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shielding against radon

Rn-222 (Rn-220,-219):

» gaseous, highly volatile/penetrating!
~40 Bg/m”3 , in salt mines less
(screen materials and setup)

» UHV tight experimental setup,
(metal seals only)
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background spectra

spectra measured at LNGS with Ge diode

T
unshielded
: 5 TI1-208
,< Sl Ll g ol
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Gerd|Heusser background spectra

“One option for background

reduction is to immerse the almost spectra measured at LNGS with Ge diode
bare crystals in liquid N, which r ;

would serve as a shield.”

Bi-214 § unshielded
Ann.Rev.Nucl.Part.Sci.1995. | - TI208
45:5943 ‘L\‘J\_l_ 5 T |
> P &4 i
s = é | | l
E _&J 104 = ; uibl . at : !
T > & i ] &
£ 2 Fles ||
o & ; ; 0 a
E’ §1DZ [ + ¥l 1l gl l l -t
(] - =i v :“' il
g i -II“I_JL"”'\.I_‘,'J | i Th J | 1
o MU LI
10° | shlelded 5 : \'l“"'uw'h : =
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GERDA oh | - plus continuous contribution
phase i E of Ge m‘rr"lnsu.: cusmnganlcs
—p 107" ' '
0 500 “IIJIJD 1500 2000 2500 3000
Energy, keV
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background spectra

/“Activity of TI-208  (uBg/kg)

rock, concrete 3000000
stainless steel ~ 5000 spectra measured at LNGS with Ge diode
Cu(NOSV), Pb <20 . J '
KmtzerLXl:”ﬂed ,<.(1_~,/ Bl ' ' unshielded
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intrinsic contamination of shielding materials

Material activity [ pBq / kg ]

Ra-226 (U) Th-228 K-40 misc
lig..nitrogen <0.3* - - 103: Ar-39
lig. scintillator (PC) 107® <106 <1073

water <1 0.008 <2
=

lig..argon 600* - - 108: Ar-39, ~150:Ar-42

steel 130 <40 50 140: Co-60
Com——

copper <16 9,<19 <88 <10: Co-60
.

Lead <29 <22 270 <4000: Pb-210
==

* Rn-222

pu g oo pwenFuonlooondppoolopooFovnpulowppnl g

0 50 100 130 200 250 300 350 400 450

Thickness for 10-¢ attenuation of 2.61 MeV gamma rays [ cm ]

Data from G. Heusser , LNGS DBD workshop 2010
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GERDA graded shield options

log(surface activity for 2.6 MeV y) [Bg/cm2]

required attenuation factor 2.5-10°

baseline:
-1 | .
eAneRilt. water / copper / LN
-2
- =3
j% . | stasl 848 U804 om? 3.08 m water
§ o e e ———
5|
:
g6l
@ | lesicasusgiee
B -7 [ copper:04bpBqlemd T
8 |
9 ____9_09'5_1_-5_!@1{@'!’ ________________________________
| | | | | | | | 1 |
1 2 3 4 5

material thickness { m

log {surface activity / Bq f cm?)
& 4 & dn IS da ra L

b

(none of them implemented!)

alternative:

| hall A :0.0625 Bq fom? water / steel / lead / LN

2.09 m water

168 cm lead
| sleel: 84.5 uBqg |

[ lead : 025 yBq / on®

1.63m LN

material thickness f m

material thickness [m]

many possibilities to comply with constraints like feasibiliy, size, cost, ...

Beijing, 25Mar20011
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generic external background shields

GERDA (low Z shield)

bare Ge diodes in high-purity LAr
< 1uBg/m3 STP Rn-222 (established)

Majorana (high Z shield; deep underground}

Ge diodes housed in vacuum cryostat,

ultra-high-purity electroformed Cu shield
<1 uBq/kg Th-232 (not yet established)

water: y & n shield, | 4
bare Ge Cherenkov medium 10 cm electroformed Cu
diodes . for p veto
source=detector _
c S
o I
| ~ AN
! T S I T
stainless | , : . o
steel cryostat | 5 | | | 45 cm lead
w Cu shield, i | | -
Rn tight | i Y F21m 30 cm PE,
| i ! | | active | veto,
| <« 94m : Rn tight box
also | |
active shield !y ©@10m -
a(LAr) =0.050/cm a(Cu) = 0.34/cm
a(H,0) = 0.043/cm a(Pb) =0.48/cm
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examples GERDA & Majorana

 Majorana

* ‘bare’ e"Ge array in liquid argon * array(s) of ®Ge housed in high-purity
» shield: high-purity liquid Argon / H,O
electroformed copper cryostat
* shield: electroformed copper / lead

Beijing, 25Mar20011 K.T.Knopfle: 'Shielding 20
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Gran Sasso - Italy




infrastructure

control rooms

water plant &
b’ radon monitor

muon & cryogenic |

kz

R

. NGB

B

L=

| Y—+=

- IRLE

A

clean room with lock

cryostat
- with internal
. Cu shield

water tank, @10m, part of muon detector)




Majorana setup

A 5000 m w.e. rock above A

electroformed Cu

‘monolith’

Events (keV kg yea

r)

-

vacuum cryostat of electroform-
ed Cu, 40 kg, @ & H: 400 mm

57 segmented n-type
Ge-76 diodes (60 kg)

M-induced events vs depth

cold finger

o
e

5 6
Depth (km.w.e.)
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active shielding

discrimination of single / multi site events

SSE (26B)

MSE (Compton sc)
anti-coincidence

MSE (intrinsic)
pulse shape analysis
segmentation — anti-coincidence

Beijing, 25Mar20011 K. T.Knopfle: 'Shielding
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active shielding

discrimination of single / multi site events

LAr scintillator

MSE (Compton sc)
anti-coincidence
Ge diode - LAr

SSE (26B)

Beijing, 25Mar20011 K. T.Knopfle: 'Shielding 25
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R&D liquid argon instrumentation

» see talk by D. Budjas

Low background GERDA-
LArGe test facility @

LNGS: 10f : | without veto mmmsm
Detection of coincident . ' with LAr veto -
liquid argon scintillation 10° | with PSD cut — 7
light to discriminate . with veto & PSD ——- |

background

counts [#]

“ :
- il Al i w'ﬁMl‘l f 'M

energy [keV]

Operation of GERDA BEGe detector prototype in LArGe:
Measured suppression factor at Qg ; : ~0.5-10* for

a near 228Th calibration source (M. Heisel, PhD thesis, Heidelberg 2011)

\\"‘b |

x 87 -ETL 357

Potential problem:Ar-42 decay to K-42 with QB(K-42)=3.5MeV

Beijing, 25Mar20011 K. T.Knopfle: 'Shielding 26
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self-shielding & fiducial volume

. Franco, APC 2010
cleanlinest place on/under earth ! Y s B AR = o ) RARRARRAAR AR R AR
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i {1EQD wiih fight colootors RODOO
400 withact Bght coras) B

10000
Borexine Design
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hylen Sphers MALIOR Wan GO0
BEm O = 200 cutward- C ]
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4000 — ]
100 ten L |
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Mylan film B -
Hr Barner C ]
P - % es 1 15 2 25 3 35 4 435 5

Radius [m]
Be energy region (mainly 219Po)

Rm:_ ...............................

(]
_______

water

%

£ Holding Sirirgs E

Slairless Stee! Walter Tank \‘x_ Steal Shielding Plates

18m 3 Emx Bmx 10cm and dm x dmiy o
position sensitive »»pp» " T Radusml
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fiducial volume for Ge diodes?

Yes! (trivial if position sensitive)

A /\ /\ AS 2\ /\ A /\ /\ A\
\/ \/ \/ \/ \/ \/ \/ \/ \/ V/

Ceaeeeeeed

TAS /\ Z\ AS /\ AS AS AN Z\

deadlayer
—_

Practical: p-type Ge diode with Possible - but affordable?:
~1mm thick Li-diffused contact, 3d array of ~1000 Ge-diodes,
material loss ~6% material loss ~50%

n-type » ultrapure coating?!
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ultimate segmentation: pixelisation

Particle ID by tracking in pixel detector (timepix: t=1mm, 1.4x1.4 cm2, 55um pixel pitch)

beta muon gamma

connected pixels disconnected
: ol = pixels

il — =

Exploit
topology!

X (colume fuiber) 6 # (column nurmber ) 1 . - (column number) 256
’ = = <2 w0 [ 13 2.5 30 0 42.5 85 1275 170
- . _ Total E=2805
3 f nia 2 2 .Ji-u
: 3 Mev I3 —ihlz . ) F OVﬁB b BUCY g
ki = 0 . o
0 =
28 - 1) ©
26 B . —00 - - o
M | - . s} - - E
F - . —006 r | ] — 200 P
2 m . 15 =)
0 — 004 N
F - i H
2 - 1-1.5mm I ¢
lofE
6T | | J -tl G PRI e — . - = M = M .‘_I: P e o
N pie]
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conclusions

Effective shielding is crucial for next generation of double beta decay experiments.
Both passive and active shields needed

Two competing concepts for passive shields (Majorana — GERDA) being realized
conventional high Z (Cu, Pb) graded shield with extra muon veto & neutron absorber
(How large are contaminations of electroformed copper?)
novel low Z (water, LN, LAr?) graded shield with integral muon veto & neutron absorber
(latter approach is much more demanding w.r.t. space, infrastructure, safety)

Adequate screening of all shielding materials/volumes essential; dto mounting material!

Promising R&D results for active veto — if LAr: use depleted argon?!

Transfer of concepts from other successful low counting experiments might be useful
fiducial volume

pixelisation
in-situ cleaning of shield & detector, (practical for Ge?)
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