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Supernova Neutrino Burst Sensitivity

• Supernova physics is 
one of the primary 
science goals

▪ Neutron backgrounds 
can imitate neutrino 
signal

✓ ~5Hz neutron rate 
expected

▪ Background level sets 
supernova trigger 
requirements

▪ Too many neutrons → 
risk of missing distant 
supernova

Chris Jackson

Target based on only

minimal assay 
measurements

12/9/24
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Solar Neutrino Physics

• Solar neutrino physics is 
an ancillary DUNE goal 
and motivation for many 
Phase 2 options

• Only possible in DUNE if 
background levels are low 
enough

• Neutrons and radon are 
primary backgrounds to
▪ a Boron-8-neutrino 

precision measurement of 
solar mass splitting 

▪ hep-neutrino discovery
Chris Jackson 12/9/24
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DUNE Phase 2 Plans 

• Many Phase 2 options 
targeting low energy physics

• A motivation for:

▪ Enhanced light collection

▪ Short charge track 
readout through 
pixelation

▪ Target improvements

• All will need radioactive 
background control to be most 
effective

• Phase 2 will need a 
background specification to 
ensure low energy physics

Chris Jackson

S Gollapinni, CPAD Nov 2024, https://indico.phy.ornl.gov/event/510/timetable/#20241121.detailed

12/9/24



Backgrounds in DUNE

Chris Jackson 5

J. Reichenbacher, Sep 2024 Collaboration Meeting, 

https://indico.fnal.gov/event/62283/contributions/299263/attachments/181445/248863/DUNE_

CollaborationMeetingSantaFe_newRadiologicalModel3update_9Sept2024_JR_.pdf 12/9/24

Neutrons, gammas 

from external rock and 
cryostat

Events from within 

detector components
and LAr

Main sources: Cavern rock/shotcrete/concrete, Cryostat, Detector 
Components, liquid argon target, purification system,  …

Significant number of assays still required due to detector 

size, supplier changes, and number of components 

*As most critical 

neutrons are (⍺,n) 

processes, must also 

understand material 

composition
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Building A Background Model

Set construction material specification 

to achieve physics sensitivities

Direct background 

assays of 

components

GEANT4/LArSOFT radioactive 

background simulations

Develop 

background 

model and 

budget

Chris Jackson 12/9/24
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Background Control Planning Considerations

• Need:

▪ to measure radioactive background 
levels in all significant (size/proximity 
to argon) components

▪ ideally understanding consistency 
across production (multiple assays)

▪ Need to prioritize limited resources 

• Prioritize order (roughly), 
considering importance to FD3 and 
production schedule, as:

▪ Cavern + Cryostat

▪ Vertical Drift

▪ Horizontal Drift

▪ Cleanliness during construction

▪ Potential module 3 materials
Chris Jackson 12/9/24

J. Reichenbacher, Sep 2024 Collaboration Meeting, 

https://indico.fnal.gov/event/62283/contributions/299263/attachments/181445/248863/DUNE_

CollaborationMeetingSantaFe_newRadiologicalModel3update_9Sept2024_JR_.pdf

• Planning to measure external 
backgrounds directly in cavern
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Phase 2 Schedule

• Assuming technically limited 
schedule and latest version 
of project schedule

Chris Jackson 12/9/24

S Gollapinni, CPAD Nov 2024, https://indico.phy.ornl.gov/event/510/timetable/#20241121.detailed

https://edms.cern.ch/ui/#!master/navigator/document?P:101609965:101609988:subDocs
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Low Energy Science: 
Radioactive Background Model Timeline

Chris Jackson 12/9/24
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Conclusions

• Background control is a concern for DUNE low energy physics

• This physics motivates many Phase 2 options (Module 3 and 4)

• Currently developing prioritized plan to understand backgrounds in Phase 1…

• … and optimize potential materials for Phase 2 Module 3

• Will require combination of:

▪ Material assays and direct background measurements

▪ Simulation and background model building

• Aiming  to define radioactive background budget and specification in advance 
of Module 3 TDR

• Support from Phase 2 group will be important 
Chris Jackson 12/9/24
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Thank You

Chris Jackson
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