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Supernova Triangulation
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Delay between the arrival times of the
neutrino pulse:

∆t = d
c

cos θ
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Uncertainties on SN Neutrino Arrival Times
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I to determine δt we adopt χ2 fit: χ2(t0) = 2
∑imax

i=1

(
µi − ni + ni ln ni

µi

)
N i

α(A, t0) = A
∫
dE

∫ ti+∆t

ti
dt σ(E)φνα( t − t0,E); fluxes form Garching group

I we include a background µbkg – 0.01 events per second for Super-K
(rescaled for other experiments according to the fiducial volume)



Triangulation Results

Triangulation and Neutrino Mass Ordering Determination with SNEWS 4 / 13 Purdue University, August 2022

I time difference of SN neutrino arrival at two detectors located at ~ri and
~rj reads tij = (~ri − ~rj) · ~n/c

I for a pair of detectors χ2
ij(α, δ) =

(
tij (α

′,δ′)−tij (α,δ)
Max(δti ,δtj )

)2
and for more than

two detectors involved in the analysis χ2
tot(α, δ) =

∑i<j
i ,j χ

2
ij(α, δ)
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Neutrino Fluxes
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Inverted Ordering (IO) Normal Ordering (NO)

I for DUNE that will be successful in detecting νe , more of early produced
neutrinos will be detected if the mass ordering is inverted



Event Rates
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I for IO there are many more ArCC events in t < 20 ms window meaning
that for IO the first event recorded in the detector will occur earlier

I no big difference between IBD event counts in t < 20 ms window when
comparing NO and IO

I the time difference between the onset of neutrino events at DUNE and
at a given IBD detector will be larger for IO



Time Window for the 1st Event Detection
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I probability density function for t1st :

I probability of t1st in [t−, t+] equals 1− α = 0.6827 for 1σ CL



1st Event Detection: DUNE vs JUNO
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I the time difference between t1st at DUNE and JUNO in the case
of IO should be greater than ∼ 10 ms



n-th Event Detection: DUNE vs JUNO
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I for the first ∼ 20 events, DUNE-ArCC events will appear significantly
earlier than JUNO-IBD ones in the IO case



Significance for Neutrino Mass Ordering
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I knowing only the timing of the first event 2σ statement can be made

I 5σ with DUNE+Hyper-K (or DUNE+JUNO) requires O(10) events

I combining ν − e and ν − A channel leads to weaker results



Entanglement between Mass Ordering and Triangulation
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I the method that guarantees 5σ CL result for the mass ordering
involves the usage of event time differences between different detectors

I the measurement of these time differences should be corrected
by the propagation time difference arising from different locations
of detectors with respect to the SN

I such correction can be O(20) ms

I strategy: determine SN location =⇒ determine mass ordering

I ν − e elastic scattering, triangulation and/or optical telescopes

I both SN location and mass ordering can be done with SNEWS!



Summary
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I triangulation is a viable method and can be implemented in SNEWS

I a novel method for determination of neutrino mass ordering using SN
neutrinos is proposed

I it requires the time information on the first couple of SN events in
several upcoming large detectors

I for IO, there is a large time difference between the
onset of SN events in DUNE and JUNO/Hyper-Kamiokande

I O(10) events is enough for a 5σ result

I this method can be incorporated in SNEWS



BACKUP SLIDES
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Neutrino Luminosities and Mean Energies
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I SN1, SN2 collapse into a neutron star ; SN3, SN4 black hole collapse
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Results Using Princeton Group Fluxes
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