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e The most elusive of the known fermions
U . (11 . )
 Evidence that “new physics” is
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From cosmology: From Ovf3f measurements: From kKinematic measurements: Time-of-flight constraints:
(CMB+BAO) KamLAND-Zen KATRIN Kamiokande-Il (SN1987A)

Z m, < 0.12 eV (95% CL) mg, € [36, 156] meV (90% CL) my < 0.8 eV (90% CL) m, < 5.7 eV (95% CL)
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Supernova v
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produced during
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99% of the released energy emitted through v and
v of all flavors with mean energies of ©O(10) MeV



Supernova v

Copiously
produced during
the Supernova

explosion

99% of the released energy emitted through v and
v of all flavors with mean energies of ©O(10) MeV

Already
detected!

SN1987A
M =~ 20M

@ ~ 50 kpc

Kamiokande-II: Phys. Rev. Lett. 58, 1490
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> (ot;, E;) generation by fixing D
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> L(t, m) = H R(t, E) G(E, 0.1E) dE
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> x*(t;,m,) = — 2log(L)

> Ay*(m,) = y*(m,) — yoin(m,)

PRODUCTION

A
N
M
—v— v v \
aY) v
e T NEUTRINO
\\eS /I\

EXISTING UNDERGROUND PARTICLE
LABS PARTICLE DETECTOR DETECTOR

PIP-1I PROTON
ACCELERATOR

v, +Ar - e~ + 40K+

®, =p d) +(1-p) d?

E, ~ 5.8 MeV

pleeS
p=|U,

2

2
|


https://webhome.phy.duke.edu/~schol/snowglobes/
https://arxiv.org/abs/2008.06647
https://arxiv.org/abs/0810.0466

Results: D = 10 kpc UPPER BOUNDS ON

No oscillations
Normal Ordering
Inverted Ordering

10 s 50 ms
~ 845 ~ 201

~ 1372 ~ 54

Events/1 ms

~ 1222 ~ 95 _ 95% CL
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No oscillations
Normal Ordering
Inverted Ordering

10 s 50 ms
~ 3644 ~ 200

~ 5441 | ~88
~ 4936 | ~ 120 _ 95% CL

Events/1 ms
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Results: including Earth matter effects ... ... ...

O® VOt E) = Y91, E)
Affect only the Inverted mass ) )

Ordering in the neutrino channel CI)EE 0, E)=P,, CDge(t, E)+(1-P,, )CDBX(t, E)
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Results: including Earth matter effects ... ... ...

) , OO NO(1, E) = dNO(1, E)
(P Affect only the Inverted mass
Ordering in the neutrino channel CI)S9 e P,, CIDB (L, E)+ (1 — P, )cl)g (1, E)

9aﬁ = I (P Py) T (P Py) - - 9(PMPprod) — P, (E,cos0) = geﬂ’ Uppns .2
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Results: including Earth matter effects

0 OO N1, E) = @)1, E)
OO 01, E) = Py, @) (1, E) + (1 — P,,)®, (1, E)

‘0705,5 = I (P P)) T (P Pp) - - - ‘Oj(PMPpmd) — P, (E,cos0) = ‘676,5' Uppns .2
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Summary

The neutrino signal coming from the Supernova neutronization burst, visible only in

the v, spectrum, constitutes an important tool to constrain the absolute value of the
neutrino mass and it can give a complementary (and independent) measurement to

[/-decays and cosmology.

This project has received funding and support from the European Union's Horizon 2020 research and innovation
programme under the Marie Skfodowska-Curie grant agreement No 860881-HIDDeN
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Backup

Dependence on the Supernova distance from the detector

No oscillations

Normal Ordering

Inverted Ordering
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Supernova neutrinos emission: details
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Evolution operator definition

g(P]—lpj) — eXp{_l(HO . Vmatter,j) ‘ l]}

UPMNS M mass U;MNS
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Backup

Mikheyev-Smirnov-Wolfenstein effect

Adiabatic or partially adiabatic neutrino flavor conversion in medium with varying density

Am123 > 0 Am123 <0

VN A

Mass
eigenstates

Mass
eigenstates

e~ density



