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Synopsis of Single-Phase Backgrounds 1.0 (MCC11 & TDR) 

1.01 Bq/kg Ar-39

115 mBq/kg Kr-85

40 mBq/kg from 

Rn-222

92 uBq/kg Ar-42

impinging neutron flux (through all field cage sides and outer APA) 

10-5 cm-2 s-1
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1 kHz in 10 kt

Ar-42:
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Ar-42 (33 years long half-life) -> K-42 Background

3.5 MeV endpoint 

+ correlated g’s

-> K-42 drifts to cathode 

where it decays
Ar-42 is Potentially a Big Problem 

for VD PDs:
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Synopsis of Single-Phase Backgrounds 1.0 (MCC11 & TDR)
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1 mBq/kg of Rn-222 new requirement 

for emanation from detector materials

b/c of Ar(alpha, gamma) and Ar(alpha, n) 

to be subdominant to solar nu’s

Rn-222:
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Radon Emanating into LAr from Materials & Pb-210 from Plate-Out

Rn-222 from dominant U-238 chain

(& long-lived Pb-210 from subsequent decays)

-> Drifts to cathode 

where it decays



Migration Modeling:  Ion drift in the DUNE LArTPC
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Anyssa, 

Andrzej et al 

at Manchester
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> a‘s have high light yield in LAr (barely quenched)

> 40Ar(a, g)  ->  15 MeV g’s that look like n’s

> 40Ar(a,n)   ->  neutron captures in LAr that look like n’s

> a surface contamination from: 

Construction and installation period: 

- radon daughter plate-out in air (210Pb, T1/2=22 y)

Detector operation period: 

- radon daughter migration in LArTPC (-> cathod)

> 222Rn continuously emanating into LAr from materials

Radon is Potentially a Big Problem
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> neutron captures can look like n’s for DAQ 

(-> rate issue, SNB trigger efficiency, solar n’s)

> neutrons are difficult to shield

(-> simulate large geometry w/ detailed chemical composition)

> external radiological neutron flux is important (rock, shotcrete)

> 238U content of materials for SF

> a emitter content of materials + chemical composition -> (a,n)

> customized (a,n) production yield calculations important!

(need cross section measurements where uncertainties large)

-> need for entire detector geometry & surrounding environment: 

extensive radiological assays + chemical composition assays

Neutrons ARE a Big Problem
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“Quantity is better than quality” for radiological assays 

(g- and a-spectroscopy, emanation) of materials in DUNE 

to avoid stupid mistake in building the detector (need 

extensive assay program)! 

Chemical composition of detector materials very 

important too (different chemical assay methods like 

XRD, XRF, ICP-MS, FT-IR, CHN etc. needed for each 

different type of material!): 

- insulating foam defines neutron attenuation, but also 

neutron capture time, even in a 10 kt LAr volume ~half of 

neutrons will escape!

- aluminium content drives (a, n) production rates

- cryostat is ~10% of mass of detector

Fast turn-around of assays & simulations to be able to 

react in time

DUNE FD Paradigms
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Basic VD Design Concept
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More Holes for External Neutrons…
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Latest Basic VD PDs Design Concept
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Less Passive LAr Shielding for External Neutrons
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Latest Basic VD PDs Design Concept 

(X-ARAPUCA Tiles and MegaCells)
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Latest Basic VD Anode Design Concept
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Latest Basic VD 2-View Anode Design Concept
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Latest Basic VD 3-View Anode Design Concept


