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Need for energy calibration over 
the whole detector
• electron transport and collection may not be 

uniform everywhere in the active volume – this 
needs to be calibrated and checked periodically
• this is difficult to do everywhere with calibration 

sources that test a single point
• very desirable not to have to insert devices while 

running
• DD generators can provide a non-invasive energy 

calibration source over the full volume of the 
detector due to a “window” resonance in elastic 
scattering at 57 keV



Elastic Scattering from ENDF
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Fortunately, 38-Ar and 
36-Ar have different resonance
structure that keep the argon
from being totally transparent
at the 40-Ar resonance.

Still expect l>10 meters



=4.8% on average

fractional energy loss



DD Generators are commercial
devices that could provide a 
source of low energy (2.45 MeV)
neutrons. Costs are low (~$100k)
and they can be operated in pulse
mode to give a trigger signal



Time structure of single pulse



Why DD?

• No tritium used – makes import/export and 
compliance with local rules much less difficult than 
DT or TT generators
• Low energy (2.45 MeV) is well below the neutron 

and proton separation energy of most elements –
little activation expected. 
• Monoenergetic spectrum (unlike TT) which will 

simplify neutron degrader design and shielding



How to create a 
57 keV neutron 
beam?

Intermediate Filter(s)

Water or Plastic

Liquid Argon 

DD 

50% average energy
loss/scatterhydrogen

27-Al
7% average energy
loss/scatter

32-S

Resonance window
just above 40-Ar
window

40-Ar



Simulation of 57 keV source on 
top of the protoDUNE-SP detector

(Vincent Fischer)







How well do we know the 
neutron capture energy?
• Last November the ACED Collaboration (UC Davis and 

Boston University) took several hundred thousand 
neutron capture events at the DANCE facility at LANSCE

• These are now being analyzed to reconstruct individual 
gammas on an event-by-event basis. Looking to have 
results by this summer.

• This will provide LArSoft with a database of gamma 
cascades to use

• Note: easy to get more data if needed – the gas target 
and peripheral equipment now stored at LANL



Argon capture gammas

Binding Energy 6.1 MeV (monoenergetic)

Here are the major gammas - ACED
will measure the correlated cascades



How to verify the neutron anti-
resonance 
• The LANSCE facility at LANL has a TOF beamline set 

up to make these kinds of measurements

• Would need a liquid argon target and perhaps 

some beam halo counters and associated 

electronics

• Recommend a proposal to LANL in February 2019 

for a beam run in late 2019 or early 2020

• Costs should be <$100k total, as LANL provides 

beam monitors and does not charge users for beam 

time



Interested Groups

• UC Davis
• Boston University
• Illinois Institute of Technology
• Lisbon (LIP) – potential DUNE collaborators 

We have had one meeting and would like to form a
Working group specifically for this source


