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Overview  
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Take Home:  

 

ÅSensitivity goes like  

I. Low Background  
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Sensitivity goes like  

 

If you can, increase Signal.  

 

Signal / ãBackground  
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Sensitivity goes like  

 

If you can, decrease Background: This lecture.  

 

Signal / ãBackground  
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Take Home:  

 

ÅMost background from cosmic rays  

ÅEven shallow underground labs good  

Å Lots of deep labs to pick from  

II. Underground Labs  
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Cosmic Rays at Sea Level  
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Underground Labs  
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Mine or Tunnel?  
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Gran Sasso mountain range  

highway  

lab  

cable car  

to ski resort  hiking path  

tunnel  

Assergi  
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Overburden  
Reduces cosmic ray  

Å flux (hadrons & muons ) 

Å induced spallation products 

(mostly neutrons)  

 

Muon  flux depends on 

overburden, overburden 

profile, and seasonal effects  N
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Davis Experiment 1970 -1994  
615t perchlorethylene  C2Cl4 
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Proportional Counter  
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Take Home:  

 

ÅPb simple against gammas  

ÅPE simple against neutrons  

ÅConcrete or Water cheap  

III. Passive Shielding  
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Åprimordial  

 e.g. 232 Th series, 238 U series, 40K (5kBq/physicist)  

 

Å cosmic ray induced or spallation  

 e.g. 11C, 39Ar  

 

Åanthropogenic  

 e.g. 60Co, 85Kr, 90Sr, 131 I 

 

Å plus the daughters  

 e.g. 208 Tl, 222Rn, é 

Radioactive Sources  



20  

Never expect them to be 

in secular equilibrium!  

 

A single isotope can give 

all kinds of a, b, g 

Decay Chains  



222 RnCrap  
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ÅKamland : 13C(a,n )16O 

ÅPICO: various alpha decays  

ÅCDMS -II: low energy surface electrons from 210 Pb 

ÅCRESST-II: degraded (low energy) 210 Pb recoils  

Å0nbb: various gamma lines  

ÅXenon TPCs: mis -reconstructed plated -out decays  

222RnCrap: Resulting Issues  
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Solid Shielding, e.g. Majorana  
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Archeological Lead: CUORE  
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Sources  

radiogenic: a,n  

 

 

 
cosmogenic  

 

 

 

 

or spontaneous fission, e.g. 235 U 

Neutrons  
Backgrounds  

elastic scatter:  

 

 

 

 
capture:  
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Solid Shielding, e.g. XENON100  
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Or simply use water  
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Take Home:  

 

ÅCreate Virtual Depth  

ÅReduce coincident backgrounds  

IV. Vetos  
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Virtual Depth  
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m Veto, e.g. XENON1T  
10m tall, 9.6m Å 

700t high purity water  
 

Passive shield against g & n  

Active shield against m: 

water Cherenkov muon  veto 
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DarkSide  

Argon target  

 

Liquid scintillator veto 

pseudocumene  plus boron  

 

Water Cherenkov detector  
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BOREXINO  
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Take Home:  

 

ÅBe careful what you build from.  

ÅScreen everything.  

V. Material Selection  
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Requirements  
e.g. BOREXINO:  
14C/ 12C < 10 -18 
nat K  < 10 -14 g/g ( 40K) 
nat Ar  < 70 vol-ppb ( 39Ar) 
nat Kr  < 0.1 vol-ppt  (85Kr)  

e.g. GERDA:  

cryostat stainless <5mBq/kg 228 Th 

detector holder PTFE <100 mBq/kg 228 Th 

shield argon <1 mBq/m 3 (STP) 222 Rn 
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ÅHand -machine every nut and bolt  

ÅWork with suppliers  

 

 

 

 

 

 

 

 
 

But little research into clean ores  

Laborious yet Heroic Efforts  
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Assay Techniques  
Neutron emission  

radiogenic (U/ Th) 

Ƃ NAA / ICPMS 

Gamma emission  

Pb, Bi, Tl, K, Co, é  

Ƃ HPGe spectroscopy  

Radon outgassing  
222 Rn ( 226 Ra), 220 Rn ( 224 Ra) 

Ƃ Radon emanation systems 

Alpha Spectrometry, 

XIA, Beta Cage  
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HPGe Screening  
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Example: Hamamatsu R11410  
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Neutron Activation Analysis  

T
e

s
s
a

 J
o

h
n

s
o

n
 

238 U(n,g)239 U    Ƃ    239Np    Ƃ    [103,106,228,278] keV gõs 
 
232 Th(n,g)233 Th    Ƃ    233 Pa    Ƃ   [300,312] keV gõs 
 
41K(n,g)42K    Ƃ   1524 keV g, 40K from natural abundance  

(t1/2 =24m)  (t1/2 =2.4d)  

(t1/2 =22m)  (t1/2 =27d)  

(t1/2 =12h)  



41  

Ionize material, accelerate plasma in mass spectrometer  

ICPMS 
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Surface Alpha Screening  
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210 Po ROI 
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Radon Emanation  
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