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Post-accident neutrinos?
Broadly identified as 
potential use case by 
NuTools

Three historic cases:
Three Mile Island (1979) 
Chernobyl (1986) 
Fukushima Daiichi (2011)
This and the following is work in 
collaboration with B. Cogswell 
and A. Glozer, in preparation



Chernobyl - 1986
RBMK reactor, water-cooled, 
graphite-moderated, no 
reactor pressure vessel, no 
secondary containment

Large fraction of core 
inventory was dispersed, i.e. 
all fission fragments 
contribute to the gamma 
radiation field

Very large core, very large 
building → closest 
approach about 50m

Vague concerns about 
ongoing criticality – hence 
boron-laden sand was 
dropped on the open reactor

Peak dose rate 200 Sv/h



Three Mile Island & Fukushima Daiichi
Both reactors are light-water 
moderated and cooled

Both have pressure vessels 
and secondary containment

Only volatile fission 
fragments are dispersed and 
contribute to gamma radiation 
field

Compact cores, compact 
containment structures → 
closest approach 25m

Specific concerns that 
emergency cooling with 
unborated water could lead to 
re-criticality Peak dose rate 0.4 Sv/h



Neutrino Signatures
Brdar, Huber, Kopp, 2017

Akindele, Carr, 2024

Prompt signature directly tracking fission rate
→ is fission happening right now?

This talk!

Delayed signature tracking location of core
→ where is the material which was fissioning?



Re-criticality at TMI

Only one piece of equipment still 
functioning to assess criticality in real-
time.

Only case C will lead to relevant off-site 
radiation releases and will take 24h to 
mount an intervention.

10% of full reactor power, over 24h



Re-criticality at FD
No instrumentation 
available due to station 
blackout

Uncertainty on core state 
confuses decision making

Based on volatile core 
inventory event of concern

10% of full power for 24h



Radiation shielding goal
Current detectors operate in 
the natural gamma radiation 
field of 1E-7 Sv/h

This defines the maximum 
shielding requirement but puts 
no extra burden on detector 
performance or operation

Segmented detectors with a clean neutron tag should tolerate 
much higher gamma radiation fields.

1)Energy cut to remove singles (few MeV) efficiency! 
2)1 GHz data rate for DAQ 0.02 Sv/hr
3)2 gamma pileup (evading 1)     20 Sv/hr
4)2 gammas creating long event to mimic neutron  

   0.1 Sv/hr

DAQ rate is the limiting factor with a corresponding occupancy of 
time/volume segments is about 1E-4

This defines a minimum shielding requirement but the energy 
cut will reduce signal efficiency

NB: We will neglect the impact of gamma shielding on neutron 
backgrounds from muon spallation.



Radiation simulation & shielding

● Isotopic composition from fuel burnup computed with SCALE (45 GW d/t, 4% enriched)
● Gamma dose rates from ENSDF
● Gamma attenuation for depleted uranium from NIST tables

TMI & Fukushima DaiichiChernobyl

Orange – minimal shield, green – maximal shield



System Mobility
For a given carrying capacity 
there is a maximum volume 
which can be shielded, hence 
detector mass.

This assumes zero-thickness 
photo sensors...

NB: Both vehicles can be airlifted



Possible detector masses



Resulting sensitivity

95% detection probability with 5% false positive rate within 24h data taking, numbers in MWt of
average fission power released. MAD-style neutron background  and efficiency (plus energy cut)



Further thoughts on shielding

High energy dose rate 
dominated by lanthanides which 
stick to the ground.

Volatiles are either noble gases 
which do not accumulate near 
the reactor or cesium that also 
sticks to the ground.

Radiation field not isotropic – 
bulk from below and the sides

Muons and neutrons come 
from above, mostly

Tank armor varies in thickness from 
300-700mm and is not isotropic

Graded, anisotropic shields are 
commonly used 
● high-Z high-density on bottom and 

sides
● low-Z low-density on top

Needs real simulation and design, 
but may allow to keep neutrons 
under control.



Summary
● Re-criticality has been a real-world concern in actual nuclear 

accidents – conventional instrumentation is insufficient
● 10% of full power for 24 hours delineates adverse off-site 

effects
● Radiation environment is severe but manageable with a range 

of strategies – depends on detailed detector performance
● Despite the difficult environment, it seems possible to deploy 

ton-scale neutrino detectors on a short time scale on a mobile 
platform

● The achievable sensitivity is encouraging for light-water 
reactors – majority of reactors globally
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