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SN 1987 A: the marvel of the last century

Feb 23, 1987
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® Took place 168,000 years ago

® |n the Large Magellanic Cloud, 50 kpc away. 18M, star.
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SN 1987A : events
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Slight tension between IMB and KII data? 5 10 15 20
Can have theoretical implications: pseudo-Dirac neutrinos?
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Pseudo Dirac Neutrinos

® Neutrinos have sub-dominant Majorana mass terms.

my  Mp,

Generic Majorana mass matrix
Mp Mg

Pseudo-Dirac limit : m;, , << my,  <ebayeshi Lim PRD200T

® 3 pairs of quasi-degenerate states, separated by 5mk,
which is much smaller than the usual Am_ and
AWlatm

1
= Uyi(Vis + 115,)

® Maximally mixed active and sterile states.
Oscillations driven by this tiny mass.
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A } v3u 'V3.\ 5m]§

atm | atmospheric

Amz | solar

Bounds:

1. Solar neutrinos ém?* < 10~ 1% eV?
de Gouvea, Huang, Jenkins, PRD2009

2. Atmospheric neutrinos ém?* < 10™*eV?
Beacom, Bell, et al., PRL2004

3. High energy astrophys1cal neutrinos
107" eV? < 6m* < 1072 eV?

Esmaili, Farzan, JCAP2012



Pseudo Dirac Neutrinos

Py } Vi sV, 5mlg
® 5me will lead to oscillations at very large distances. >
. . An/latm atmospheric
Wave-packet separation decoherence also becomes important.
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SNI1987A data and comparison
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Future detector&sensitivity

Pseudo-Dirac Neutrinos

95% CL

10718
® HK and DUNE can confirm/rule out this
scenario with a high confidence. — 107~
3
%

® Sensitive to lower mass-square differences

due to decoherence. 10721 :;r:(wsm
B DUNE
10_22 |_15 | I | Ill' 14 1 I | ||||_13 | | | l]ll_lz | 1 [ ]I]_ll
® Non-electron neutrino detectors to play an 10 10- 10 10 10

0, [m]

important role!

SN at 10kpc ~ 6m? ~ 107V eV?
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Final thouglﬁts

® CCSNe are sensitive to extremely tiny

value of m?, not otherwise accessible
to other experiments.

%

® Data from SN1987A can already be =

used to probe m* ~ 1072 eV?. In fact, &

data from SN1987A has a slight
preference for a non-zero m?.

® Future galactic core-collapse SNe can be
used to probe even lower values of ém?

using DUNE and HK.
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Backup: Neutrino signals @ DUNE and HK
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FIG. 8. The Number of events expected in HK (left) and DUNE (right) for a supernova happening at 10kpc. For the supernova
luminosity, we assume the best-fit value of the SN1987A. We show the number of events for three different scenarios: neutrinos
are Dirac fermions, the best-fit point of the SN1987A analysis, and coherence lengths shorter than 10kpc (Decoherence). In
particular, in the last case, we use the following parameters: ém? =5 x 10 %'eV?, 0, =107 ° m
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