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Detection of SN neutrinos in JUNO
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m Low energy threshold ~0.2MeV in JUNO LS and full flavor
information recorded

m |BD events dominate the high energy range, the golden channel

m v-p ES events dominate the low energy range
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Outline

= The separated approach

o Beacom, Farr, Vogel (2003),
o Dasgupta and Beacom (2011),
e Li, Li, Wang, Wen, Zhou (2017)

= The combined approach
e Li, Huang, Li, Wen, Zhou (2019)

= Summary
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The separated approach

Detected spectra->Unfolded spectra of each channel->Separated flavor spectra
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Detection channels in LS
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Unfolding of observed spectra
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For IBD channel N, -bup- ol - F5, =S5
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For ESchannel .. b, 567®5 F, = 5,00
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Unfolded results
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Separation of different flavor spectra
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It is possible to reconstruct energy spectra for each flavor of SN neutrinos
in JUNO LS detector.

m More accurately treatment with eES?

m Combine with other experiment data?

m SN neutrinos with flavor conversions?
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The combined approach

Directly extract spectra for each flavor of SN neutrinos
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The combined approach

Cross section && Detector effects SN neutrinos Observed
spectra spectra
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l It can be easily appended to
Model independent response matrix other type detectors, i.e. WC
and LAr-TPC.
Detected spectra of unfold Energy spectra of different
different channels " flavor neutrinos
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Reconstructed spectra

0.2MeV, 3% energy resolution ,analytical model
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The impact of energy threshold

m A lower energy threshold can give
more information about v, and v,
spectra.

} E, =0.2MeV _ _ _
m There is a strategy in progress in

JUNO to record all the information
even the hits information below
0.2MeV, reserving space for new
physics in the future.
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Check of Model independence

12 Japan models, SN@1kpc

Nakazato et.al, http://asphwww.ph.noda.tus.ac.jp/snn/

Response matrix from Flat model
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Flavor conversion from MSW effects

E,. FV(L is the flux for one flavor neutrino of u, T neutrinos and their antiparticles

Normal hierarchy
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With flavor conversion

Normal hierarchy Inverted hierarchy
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Response matrix && flavor conversion
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The original fluence sveikec
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The original fluence from the core of the SN can be partially extracted.
This method is useful to check the models of neutrino oscillation.
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Summary

* The combined approach is model independent and robust.
It is possible to reconstruct full flavor energy spectra of SN
neutrinos in one large LS detector.

* For more complicated scenarios with neutrino oscillations,
the combined method is still useful to test models of
neutrinos oscillations.

 The combined approach can easily include other type of
detectors, e.g. WC (Super-K) and LAr-TPC (DUNE), to do a
global analysis. It can also be used to reconstruct the
spectra of solar neutrinos and ultrahigh-energy cosmic
neutrinos when a large statistics in the multi-avor
detection is accumulated.
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JUNO detector

Calibration <— Electronics
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Reconstruction of SN neutrino spectra
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SN@10kpc, v, for non-electron neutrinos

Channel Type Events for different (E,) values

12 MeV 14 MeV 16 MeV

To+p—e +n CcC 43 x 10° 5.0 x 10° 5.7 x 10°
vip—v+p NC 0.6 x 10° 1.2 x 10 20 x 10°
vte—vte ES 3.6 x 107 3.6 x 10? 3.6 x 10
v+ 10— p+ 10 NC 1.7 x 10? 3.2 x 102 5.2 % 10
n+ =+ N CC 0.5 x 10? 0.9 x 10? 1.6 x 10?
m+ 20—t + 2B cC 0.6 x 10 1.1 % 10?2 1.6 x 10?

Li, Li, Wang, Wen, Zhou (2017)
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Parameterization fluence

dE,
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SVD unfolding method

SVD unfolding method is to minimize the following chi-square equation to
extract the true distribution:

x? = (%W — E)T(/TW —b) + _’IL'_(CW)T(CW)

I > Penalty term
Response matrix o
Second derivative (curvature)

Observed spectrum

— ini ini ; o e
wj = xj/xj » Xj IS Regularization parameter 7 = sﬁ
defined by the user

SVD is used to calculate the inverse of a matrix.
Without the penalty term, the intrinsic operation of the unfolding
procedure is still a linear inverse problem.
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