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Neutrino Oscillation & Mass AT
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Neutrino Mass @ 3 Decay
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Neutrinoless Double Beta Decay
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Radiative Emission of v Pairs A M5
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Time Delay in Supernova v’s A AT

Tsung-Dao Lee Institute

40 kton argon, 10 kpc

. . . . 80 :|_l II Neutronization Accretion Cooling
Infall _Neutronization Accretion _ Cooling oF : ‘ : =
. : : —_ E E —— No oscillations
E . Ve 60 f_ E : —}— Normal ordering
g 1 € - : —— Inverted ordering :
s = i e P Vx 50
o E o : :
% 1 e |
— 1 H H
— - 1 : H
0.1 0E- | T
— — 1 H 1 H
- 20F : ol |
o ? — 1 F
1 45 IIIIII 10 @ : §
LT Mﬁ J A R T SR S
0.05 0.1 0.15 0.2 0.25

Time (seconds)

<E> (MeV)
N

iy
(o]

10

Fix all ——

1 Fit SN pars —=—
1t Tr ——

Fitt t, —e— |

(o) B *.*]

4.
<3,
3 41
2. : : .
16—2 : : 16—1 : 1 Time (seconds) 27
JUNO
DUNE, 2008.06647 o™ I3 )
m, [eV]
SFG, Kong, Smirnov, to appear Lu, Cao, Li & Zhou [JCAP 05 (2015) 044]

B85 [gesf@sjtu.edu.cn] Apr/14, 2024 @ SthAiF¥EFIRIHTS 8



Cosmic v Background
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Massive neutrino Decreasing CMB power spectrum
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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:ﬁ;;;;’
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Deflection in Gravitational Potential
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Gravitational Focusing A AT
Tsung-Dao Lee Institute

>
8 \
55—
z /
2 fulz,p) = f,(p) +df.(z, p)
PV Ep pI°V.® —p(p-V.P)] _
{8t+ aE, [(H+ d)p + —V U — iE, Vo o fu(x,p) =0
~ ~ m?2 + 2p* —
0f,(k,p) = ¥(k) ( p.kp k —p) - Vpfo,(p)
~ Vye - ’2: {I; / / / d A
i) = — L= L gt (ot + o+ 291) L2 0019~ Byl K

B8 [gesf@sjtu.edu.cn] Apr/14, 2024 @ S5th¥F¥IERIAITS 16



Cosmic Gravitational Focusing it éf‘r"w

Neutrinos
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Halo Mass Function & HOD for BGS %‘b‘iuﬁ."‘ﬁ’};‘*]
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Redshift Distribution

A BT

Tsung-Dao Lee Institute

L LI

— NO — z=01]

e () Ge—— ) |

s

— =037

L L 1l

030 [ [T T TTTTI [ T T TTTTI [ [ I||||_ 010 IR R
st = (.02 6V — NO — 2=01 [ sttt = 0 eV
--=- 10 7=02 ] -
0251 -
{ K — 2=03 | 0.081
] "\ | r
0.20 1 |
W ® 0.06} :
£ S :
©0.15) 1 € |
2 I ?‘Z ! ;‘ /
iy 8 - / ]
%Wl 3 0.04F y
0.10f . '
0.05- {y
I L~ b L] - i
" 10°? 10°! I AT

B8 [gesf@sjtu.edu.cn]

k[h/Mpc|

Apr/14, 2024 @ SthAiF¥EFIRIHTS

1016 1017

M [My /1]

21



3" Cosmic Measurement of v Masses jrl-’iuﬁ.“f-?i“'ﬁ’

Tsung-Dao Lee Institute

Im [Sga (595) *} X (vw_ - f:) (fgmf, - flf.rnij’,T2 + f2T4)

0 200F —.—. CGF @ DESI + ¥ m b
i P /
17.5} 175F CGF @ DESI P
E i Zmi /'/
15.0¢ 15.0F P
T % [ =— NO 1
2125 £ 125F 4
(=] i < [ e §(} -
SN, B ek 7 #
= 10.0¢ = 10.0F 3, " T
@ ;... @ :--:::___ - ..;.-:’.1.....
= R & 75F =
L [ il
5.0 SIE 5 e -
o SR e AR e e e s e pamunty
2.5F ] T T T
Ly ,.1.',5{,.. T e
L L L L I | L L | s 1 1 L | L L L 1 L L L | I | i i | L i L i | i I
019.00 0.01 0.02 0.03 0.04 UI?.OO 0.01 0.02 0.03 0.04
mgght-cst [GV] nlightest [EV]

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

B85 [gesf@sjtu.edu.cn] Apr/14, 2024 @ SthAiF¥EFIRIHTS 22



39 Cosmic Measurement of v Masses

0.05

]

_D
=
e

)
=
(L]

o

mleest (test) [eV

]

A BT

Tsung-Dao Lee Institute

Im [Sga (393) *} X (VI,C - f:) (fgmf, -+ flf.rlr'f,f‘:,T2 + f2T4)

A — — T T T T#
gl 0.05
[ =* Oy'm, =30meV o '
[ — CGF @DESI _.-~
- —.0.04
: All - =
L 2,
__,.p-"" E 0.03
«© g
- \}‘Jeﬁﬁ Qﬂ' Eﬁ
W 0N 0.02
PRI s
L 5 @66’0
N 0.01
W
: W‘,.,o"‘. I’
A s T u s el 0.0
00 0.01 0.02 0.03 0.04 00

mistest (trye) [eV]

DESI, Euclid, Subaru PFS, CSST

B8 [gesf@sjtu.edu.cn]

Apr/14, 2024 @ SthiIFYIBeIAHITS

[T T T ]
_IO Sl
&k Oy m; = 40meV
— CGF @ DESI
— All
A\
L. \}S.?»& ‘..._.‘
(e
gt
e
Q}eﬁ" L
[ @
Qo
'.-"...‘. A N
00 0.01 0.02 0.03 0.04

migltest (trye) [eV]

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

23



Summary A dH T
Tsung-Dao Lee Institute

1) Overview of Neutrino Mass Measurements
2) 3" Cosmological Way
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Cosmic Gravitational Focusing

Dipole Structure in Galaxy Correlation Function

Neutrino Mass Measurement @ DESI & CSST
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Decoherence & Non-Linear

1 K s 2 Ty, (K, 2) |
(e B)%) = 5 [ Jm ORI = K]) [W(KIB)| ALK | =400
1
" - Tir(k) z=0,1
g 2004~ U /”/’
—_
U-
1.2

—— with theta m, = 0.05 eV
N-body with m, = 0.05 eV
FS with m, = 0.05 eV

10-2 2%x102 3x1024x102 6x10°2 10!
k [h/Mpc]

B8 [gesf@sjtu.edu.cn] Apr/14, 2024 @ S5th¥F¥IERIAITS 26



DM Gravitational Focusing AR

Tsung-Dao Lee Institute

® Density enhancement
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