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Neutrino Oscillation & Mass AT
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Global Fit of Oscillation Parameters %‘b‘iuﬁ.“ﬁ}i‘?’
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(for NO) = Best Value +1o

Am? = An, (10%eV?) 7.30 7.50 772

Am2 = Am%;| (1073eV?) 2.52 2.56 2.59
sin® O (0 = 612) 0.302 (33.3°)  0.318 (34.3°)  0.334 (35.3°)
sin” @, (0, = 6,3) 0.544 (47.54°) 0.566 (48.79°) 0.582 (49.72°)

sin” @, (0, = 013) 0.02147 (8.43°) 0.02225 (8.58°) 0.02280 (8.69°)

op 191° 216° 257°

OMi 7 ?? 77
Salas, Forero, Gariazzo, Martinez-Mirave, Mena, Ternes, Tortola & Valle, [arXiv:2006.11237]
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Seesaw Mechanism A g5
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® Heavy neutrinos (N)

vMpN + h.c. + NMyN = [17 N’] ['V(')E m] [j\’f]

required by Grand Unification Theory ( X%—I2it )

® Seeaw Mechanism

The diagonalization of the full mass matrix

0 MD ]. T
M, = —Mp—M
[MB MN] ‘ "My P

Tsutomu Yanagida «
Mp ~ O(100) GeV, My~ O(10%) GeV - M, ~ 0O(0.01) eV Xiao-Gang He :
Let’s play seesaw

Light neutrino mass M, is suppressed by the heavy ones
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Neutrino Mass Measurements A @My
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v Oscillation

Beta Decay

Radiative Emission of v Pairs

SFG, Pedro Pasquini, JHEP 12 (2023) 083 [arXiv:2306.12953]
Phys.Lett.B 841 (2023) 137911 [arXiv:2206.11717]
Eur.Phys.J.C 82 (2022) 3, 208 [arXiv:2110.03510]

Supernova v Time Delay

SFG, Chui-Fan Kong, Alexei Smirnov, accepted by PRL [arXiv:2404.17352]

CvB Detection
CMB & LSS

SFG, Pedro Pasquini, Liang Tan, JCAP 05 (2024) 108 [arXiv:2312.16972]
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Neutrino Mass @ 3 Decay
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CMB A AT
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Massive neutrino decreasing CMB power spectrum
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LSS A AT
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Suppression matter power spectrum below
neutrino free-streaming scale
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Cosmic v Fluid (CvF) vs DM Halo i Dﬁ:‘g;;;’

Gravitational attraction between DM halo & CvVF
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Gravitational Deflection AT

Single-particle
description

Tsung -Dao Lee Institute

-
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Shao-Feng Ge [gesf@sjtu.edu.cn]
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Dynamical Friction A g ¥y 55T
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Single-particle
description
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Gravitational Focusing A AT
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Cosmic Gravitational Focusing it éf‘r"w

Neutrinos

Density enhancement downwind!

dp,(—x) = —dp, (x) O = Omo(1 + i)

[A(K)]* = / dxe™*A(x) = / dxe” > A(—x)

— — / dxe ¥ *A(x) = —A(k)

SFG, Pedro Pasquini, Liang Tan [arXiv:2312.16972]

Shao-Feng Ge [gesf@sjtu.edu.cn] Aug/15, 2024 @ ERSEARS 14



Galaxy Correlation & Bias it i“T"""’
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Halo Mass Function & HOD for BGS %‘b‘iuﬁ."‘mﬂ
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SNR @ DESI
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Redshift Distribution

030 T T T TIT T T T ITIm T T TT1TTT]
m_Eghtest =0.02 eV — NO = =]

ik ny =10 2=02 ]
: i — 2=03 |

! % ]

0.20 .

B2 INCPE, 2)
=
=

0.10F

0.05-

k[h/Mpc|

Shao-Feng Ge [gesf@sjtu.edu.cn]

I R
M 102 10°!

A BT

Tsung-Dao Lee Institute

0.10

0.02F

_ ,],nr!ightest —

0.02 eV — NO — 2=01|
sz () — ()
’N il
£ % g
i \ i
/ \
/ \
! _ \
! ¥ ke O |
I i TR i
v
!.\' ’!r" \\ \
r’ ’,*' \ 1\
!l \\ \
I LA

I

| 111

Aug/15, 2024 @ EBE8EARS

10
M [Mo/]

1017

18



3" Cosmic Measurement of v Masses jrl-’iuﬁ.“f-?i“'ﬁ’
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39 Cosmic Measurement of v Masses
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Summary A dH T
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1) Overview of Neutrino Mass

2) 3" Cosmological Way

Dynamical Friction
Cosmic Gravitational Focusing

Dipole Structure in Galaxy Correlation Function

Neutrino Mass Measurement @ DESI & CSST
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3) Summary
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{ Physics Letters A ) A Ay
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Aims & Scope

® Nonlinear science,
PHYSICS ]_ETTERS A ® Statistical physics,
® Mathematical and computational physics,
® AMO and physics of complex systems,

® Plasma and fluid physics,

® Optical physics,

® General and cross-disciplinary physics,

® Biological physics and nanoscience,

llAstrophysics, Particle physics and Cosmologys

Shao-Feng Ge [gesf@sjtu.edu.cn] Aug/15, 2024 @ ERSEARS 22
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Minimal Neutrinos AT
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Georg . Raffelt

Stars as Laboratories

for Fundamental Physics

The Astrophysics of Neutrinos, Axions, and Other
Weakly Interacting Particles

In the standard model, neutrinos have been assigned the most min-
imal properties compatible with experimental data: zero mass. zero
charge. zero dipole moments, zero decay rate. zero almost everything.

Shao-Feng Ge [gesf@sjtu.edu.cn] Aug/15, 2024 @ BEEEEEARS 24



Neutrino vs Higgs At da

® Higgs boson = electroweak symmetry breaking & mass. ~ O(100)GeV

® Chiral symmetry breaking = majority of mass.

® The world seems not affected by the tiny

neutrino mass?

@ Neutrino mass = Mixing

@ 3 Neutrino = possible CP violation

o CP violation = Leptogenesis

o = Matter-Antimatter Asymmetry

@ There is something left in the Universe.

o EW Baryogenesis is not enough.

Shao-Feng Ge [gesf@sjtu.edu.cn]
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Decoherence & Non-Linear
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DM Gravitational Focusing AR
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® Density enhancement
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v Mass Ordering j{‘gl‘iuﬁ.“ﬁ“i
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However, v oscillation experiment cannot measure the absolute mass!

Shao-Feng Ge [gesf@sjtu.edu.cn]
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v Mass Hierarchy @ JUNO A A
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Neutrinoless Double Beta Decay
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SFG & Manfred Lindner, PRD 95 (2017) No.3, 033003 [arXiv:1608.01618]
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Radiative Emission of v Pairs A M5
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le) — |v) + v E1 x M1

M. Yoshimura, Phys. Rev. D 75, 113007 (2007)

Jue Zhang & Shun Zhou, Phys.Rev.D 93 (2016) 11, 113020

massless i

(oIAX — E€ o EQ . 1<m’l + mj)2

i > 2 (E.-E,)

SFG & Pasquini
Eur.Phys.J.C 82 (2022) 3, 208;

Phys.Lett.B 841 (2023) 137911,
JHEP 12 (2023) 083
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Time Delay in Supernova v’s A Ay
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Cosmic v Background
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PTOLEMY Experiment A
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