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® Evidence of Neutrino Mass

“For the gTFI est bern ﬁu kind”
e zs

The Royal Swedish Academy of Sciences has decided to award the

2015 NOBEL PRIZE IN N PHYSICGS

“for the discovery of neutrino
oscillations, which shows that
neutrinos have mass’”’

Takaakl Kajlta and
Arthur B McDonald

“for the discovery of neutri cillations, which shows that neutri,

Nobelprlze org

The Offici
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® Evidence of Neutrino Mass
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L [m] R. Harnik, K. Kelly, P. Machado
arXiv: 1911.05088
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® Evidence of Neutrino Mass
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® Neutrino Mass Origin |: vacuum mass
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Type-1 seesaw
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Vacuum Neutrino Mass [see Prof. Malinsky
A & Prof. Deppisch’s lectures]
I
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M. Magg & C. Wetterich R. Foot, H. Lew, X.-G. He, & G.C. Joshi
G. Lazarides, Q. Shafi, & C. Wetterich E. Ma
R. Mohapatra & G. Senjanovic
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® Neutrino Mass Origin |: vacuum mass

Vacuum Neutrino Mass [see Prof. Malinsky
A & Prof. Deppisch’s lectures]
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® Neutrino Mass Origin ll: dark mass
Dark Neutrino Mass
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@ The forward scattering with the DM background
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@ Due to 1/E, dependence, the dark potential is promoted to mass
correction
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*

S.-F. Ge & H. Murayama, arXiv:1904.02518
S.-F. Ge, PoS NuFact 2019, 108 (2020)
S.-F. Ge, J. Phys. Conf. Ser. 1468, no.1,012125 (2020)
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Massless neutrinos get the dispersion E =

Neutrino oscillation from flavor-dependent couplings:

S gaﬁ(PVaV'g + h.c. = (amz)aﬁ o (gg.l-)aﬁm
¢

K. Y Choi, E. J. Chun & J. Kim, arXiv:1909.10478
K. Y Choi, E. J. Chun & J. Kim, arXiv:2012.09474
E. J. Chun, talks@TDLI
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® Neutrino Mass Origin ll: dark mass
Dark Neutrino Mass
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Mass depends on the DM density

a0 ok o) - NS
Introduce the effective or M2 = 2EV 2
refractive mass squared as L Yy-o) T qark (CC) X Po
A— ref  — fllg
Mus® = 2k g, x Po_
AEEGEY as k 9ak Ipk M2

M. Sen and A. Y. Smirnov, arXiv:2306.15718
A. Y. Smirnov, talks@MAYORANA Workshop
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® Neutrino Mass Origins Comparison

Vacuum Neutrino Mass: m%,ac — A

VS.

. 2
Dark Neutrino Mass: M qark (.CC) X ,O¢
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® Neutrino Mass Origins Comparison

Vacuum Neutrino Mass: m\%ac — A

VS.

. 2
Dark Neutrino Mass: M qark (.CC ) X ,0¢

Can we distinguish these two origins ?
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®Large Scales

Yes! Look 1nto larger scales  [see Prof: Dev’s lecture]
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® Supernova Neutrino Time Delay

\\\U/é/ Neutrinos are massive

I \

1) group velocity:
2

_pr_ M
1) P=EV Y
U time delay (vacuum mass):
V D m? m\2 (10MeV\? D

At==Z_D="_p—514 (—)
v 2F?2 014 ms eV ( E ) 10 kpc
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® Supernova Neutrino Time Delay

How about the dark mass?

Mawc= [ (U(lx) - 1) x|~ | (1 - v(x)) |dx

1 —wv(x) = md;rg(zx o) pzqﬁ(j(;))

Mian(Xe)D f;f) po(x)|dx| Y Do (X)

Atgark =
dark 2F7 Dpg(x0) 7 po(x0)

Chui-Fan Kong (TDLI & SJTU) [kongcf(@sjtu.edu.cn] EuCAPT @ Prague, 2024/09/24 13



&m  TSUNG-DAO LEE INSTITUTE

® Supernova Neutrino Time Delay

How about the dark mass?

Mawc= [ (@(1}() - 1) x|~ | (1 - v(x)) |dx

1 —wv(x) = md;%(zx o) QT(S;))

mian(x0)D Jyx,” Po(x)ldx]
2F7 Dpg(x0)

10_¢(X*)/IO¢ (XQ) Sun
0° @® Galactic Center

Atdark = = At

15 12 9° 6 3 0 3 6 9 12 15
Distance to the Solar System [kpc]

Ge, CFK, Smirnov
arXiv: 2404.17352

differed by this factor
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<* v, SN burst production (Garching model):
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BT =2 ET 1 Time (seconds) I/e —|_40 Ar _> & _|_40 :[{>l<
DUNE Collaboration

arXiv: 2008.06647
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"mne Distribution
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The time distribution becomes
wider as the neutrino mass increases
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Ge, CFK, Smirnov
arXiv: 2404.17352

Chui-Fan Kong (TDLI & SJTU) [kongcf(@sjtu.edu.cn] EuCAPT @ Prague, 2024/09/24 16



" j“lx\iurh

L !
\eOmme/  TSUNG-DAO LEE INSTITUTE

® S_ensitivities
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“* Location dependence: the sensitivity is enlarged by measuring
neutrinos around the galaxy center

Ge, CFK, Smirnov
arXiv: 2404.17352
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® S_ensitivities
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“* Location dependence: the sensitivity is enlarged by measuring
neutrinos around the galaxy center

“* Neutrino mass ordering dependence: sensitivity for normal

ordering (NO) 1s reduced by MSW effect

Chui-Fan Kong (TDLI & SJTU) [kongcf(@sjtu.edu.cn]
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Ge, CFK, Smirnov
arXiv: 2404.17352
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® Summary

» The dark neutrino mass is space-time dependent due to the dark matter distribution
» The supernova neutrino time delay can be much enhanced around galaxy center

» The neutrino mass origins (vacuum or dark mass) can be tested by measuring
supernova neutrinos

» Better test can be done by measuring neutrinos from supernovae at different
locations
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® Summary

» The dark neutrino mass is space-time dependent due to the dark matter distribution
» The supernova neutrino time delay can be much enhanced around galaxy center

» The neutrino mass origins (vacuum or dark mass) can be tested by measuring
supernova neutrinos

» Better test can be done by measuring neutrinos from supernovae at different
locations

Thank you for your attention!
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SN1987A

The minimum 1s located at ~
3.5 eV, although not
statistically significant

T T : g mleV]

G. Pagliaroli, F. Rossi-Torres, & F. Vissani
arXiv:1002.3349
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MSW effect
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neutrino group velocity

dFE,
by, = Py T+ V7 U=

dpy

2 2

1 — ?}(X) _ mdark(vaV) 1 dmdark(vaV)
227% 2D, dp.
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