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Radiological Model 1.0 (MCC11 & TDR) and Requirements 

=> Requirements on radiopurity driven by intrinsic Ar-39 level in LAr (1.01 Bq / kg)

(assumed it would require ‘Manhattan-Project’ style effort to mitigate for DUNE)

=> Paradigm for defining radiopurity requirements:  

All other background signals should be order of magnitude below Ar-39 signal 

in every cm^3 voxel of the detector

- Developed full-blown radiological model 

that is condensed into one LArSoft fcl producer file 

that is already input for SNB, DAQ, cosmogenics, atmospheric nu’s, pdk etc.

- LArSoft simulations with full-blown radiological model 

validated requirements set on various radiological backgrounds 

(-> Jason Stock @ APS 2017,  MCC-11 2018 used for TDR,  @ COSSURF 2019, 

DUNE BGs Mitigation Strategies Workshop CERN 2019)

- Demonstrated that radiological control not critical for ProtoDUNE

but for far detector it is! 

(-> done its job, but time to move on to Radiological Model 2.0)
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Synopsis of Simulated Radiological 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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FD Sim Geometry 1x2x6 (just 1 APA in middle)!

neutrons

neutrons



20-July-2020 J. Reichenbacher (SDSM&T) 4

Neutron Background Critical for SNB-n Triggering 1.0 (MCC11 & TDR) 

10.5 MeV SNB-nu neutron background

(Pierre Lasorak) (Pierre Lasorak)

(Pierre Lasorak)

(Alex Booth)

(Georgia’s group has similar results)

optical hit clusters
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Lessons: Paola’s and Juergen’s Comparison (6/19/19)  

Input Radiological Neutron Flux

Juergen: 

(measured himself at Ross campus): 7.6 e-6 neutrons cm^-2 sec^-1
- Heise: "The Poorman rock formation surrounding the Ross Campus is slightly higher in natural radioactivity: 2.58 

ppm U, 10.48 ppm Th"

- Best et al 2015 measurement of 8.1 e-6 neutrons cm^-2 sec^-1 (SURF TCR)

- Dongming et al: 3.43 ppm U and 7.11 ppm Th -> 5.1 e-6 neutrons cm^-2 sec^-1 predicted

Paola: 

4.2 e-7 neutrons cm^-2 sec^-1      => factor 18 discrepancy [flux factor]

(from Gran Sasso Hall C with 0.66 ppm U-238 and 0.066 ppm Th-232 neutron measurement Arneodo et al 1999)

- Best et al 2015 measurement of 3.2 e-7 neutrons cm^-2 sec^-1 (Gran Sasso Hall A with 6.80 ppm U-238 and 2.17 

ppm Th-232)  -> does this make sense?

- two measurements of 3 e-6 neutrons cm^-2 sec^-1 (E. Bellotti 1985 & M. Cribier 1995)

(Paola's foam contribution becomes then subdominant compared to the much higher neutron flux at SURF compared 

to Gran Sasso)
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Lessons: Paola’s and Juergen’s Comparison (6/19/19) 

Fiducialization

Paola's inner fiducialization: 

-> factor 10 reduction [fiducialization factor]

DUNE cannot easily do because we have to use full active TPC volume for triggering
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Lessons: Paola’s and Juergen’s Comparison (6/19/19) 

Moderation in Foam of Cryostat Membrane

=> factor 3 reduction due to moderation in 80 cm thick 0.1 g/cm^3 PUF foam

Juergen presented same reduction number from his external MCNP/Geant4 He-3 test 

stand study (see slide 17+18 in Juergen's workshop presentation and slide 14 in Paola's 

workshop presentation)

=> factor 3 reduction due to extinction in 40 cm thick "dead" LAr shell

Juergen's hypothesis and Paola found it reasonable

=> implement and simulate full 10 kton detector geometry into LArSoft
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Lessons: Paola’s and Juergen’s Comparison (6/19/19) 

Comparison of Neutron Capture Rates

Paola's (200 events / year / ton) * 10 * 10^3 tons / (3e7 sec / year) * 

• 18 [flux factor] * 10 [fiducialization factor] * 

• 3 [PUF foam moderation] * 3 [dead LAr shell extinction]

= 108 neutrons / sec captured

in good agreement with: 

104 Hz DUNE LArSoft (Geant4)

81 Hz Beacom et al (FLUKA)

=> Can expect reduction of these numbers by one order of magnitude when 

simulating full cryostat geometry with LArSoft!
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Cavern Shotcrete 1.) and Concrete 2.) Details

2.) For the bottom concrete slab assume an average thickness of 7.5" 

1.) cavern walls and the ceiling assume an average thickness of 6" for the shotcrete
(lower 6 ft on the walls will be just left 

to be bare rock)

2.b) 1" thick layer of grout (Sikadur 42?) is just 

locally placed under the support I-beams (-> leave void volume for now)
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Identified 3 Different Potential Suppliers 

(Collected and Analyzed Detailed Ingredients at SDSMT)

(example 

Pete Lien & Sons)

 Goal not only to realistically simulate external neutron backgrounds 

but also to identify best possible supplier regarding background mitigation!
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Chemical Composition & Density of Rock and 

Shotcrete Materials Measured at SDSMT

 Also measured composition of PUF foam of cryo insulation

 Composition of steel of I-beams and SS of cryostat wall are well specified by LBNF
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Radioactivity of Rock and 

Shotcrete Materials Measured at SDSMT

 Also measured radioactivity of steel of I-beams and SS of cryostat wall (ProtoDUNE

samples)

 Also measured radioactivity of LAr filter materials for predicting dominant radon 

emanation into LAr

 Still to be measured is radioactivity of PUF foam of cryo insulation
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New Full 10 kton Geometry

Plus additionally: 

- Cavern rock

- 6” thick shotcrete layer

- 7.5” thick concrete slab

Aran Borkum, Pierre, James, Juergen
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Outlook

- Simulate external neutron backgrounds with detailed propagation through rock, 

shotcrete, cryostat steel, foam and dead LAr

- Simulate SF and (alpha, n) backgrounds in rock, shotcrete, steel, foam, LAr

according to measured sample activities and calculated detailed neutron spectra

- Identify best possible shotcrete/concrete supplier regarding background mitigation

=>  In ideal case we would not even need a passive shielding! 

- Realistic estimate of radon content in our LAr based on g-ray and 

cold emanation sample measurements

- Migration model of radon daughter ions in LAr

- Radiological model 2.0 needed for more detailed physics studies


