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Phenomenological study of physics beyond the Standard Model by neutrinos
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We investigated the impact of uncertainties in Earth"s matter density on the

measurement of the CP phase in the T2HK and DUNE experiments. At DUNE, which has a long baseline,
the matter effects are relatively significant and cannot be ignored. We discussed the octant
degeneracy in long-baseline experiments using the parameter degeneracy diagram proposed by the
research representative in 2004. It was found that the octant degeneracy can be resolved at the
first oscillation maximum, but becomes difficult to resolve at the second oscillation maximum. We
also discussed the violation of time-reversal invariance in long-baseline experiments, in cases
where the time evolution is unitary and otherwise. It was found that a precise measurement of the
energy spectrum of this violation could potentially explore deviations from the standard scenario.



1L.oodgobbogd

gogggooobbbbbobobobbbbboootbooddodoooooooooooboo
ggggoobbobbbbbbbtbotodddoioooooooooooooobbbn
ddddgdooooobbooodddooooooooooooobbobobbbn
OO0bodbobooboobooboobooboobooogz20900b0obognoon CERNDO
LHCOOOOOOOOooOooOooOoobobooboboooooooooooooobooboo
gbogbobooobooboboobbuobobbooboooboobboobboob
gobbooooobobuoooobbbuooon

gboggboogbbobbooobuoooboooobuoobboobboobboob
gbbogobuogbboobuoobbuodbooobooboobobuoobbooboon
000019 00000000000000000D00000 KaemLANDOODODOOOD
godoboodgoooodggooodaooooddgoiofeydy, 0, 00000000
gbogbobodgboobboobuboobbodoboobboobuoobbooboob
0000000000000 000000 (00000 oooooOoOoooO)DOOoOO
O000000000000D060;000000((00000000000000 630 7/4
O000000O00O0)oceOOOOOSODOODOODOODOOOOOODOOOODOODODOO
O0000000000000000000 (000 T2HKOOO0OOOO0O0O DUNEODO)O
gbobogobdogbbooboboobuoobbooboboobobuoobobooboon
gbogbobodboobbooobobobbooboobbooboobbooboob
gbbogobuogbboobuogbbuodbooboooodbooobuoobobooboon
OoocpO0Os0D0O0OO0O00O0O0O0O T2HKODUNEOOOODOODOOODODOOOODO
gobbboogooboo

gboogboog T2ZHKODUNEODODOO0DO0O0ODOO00bOooobooooboonoobo
gbbogobuogbbogbuoobobuodobbuooboobobobuoobobooboon
ggggoobbobbbbbbobbbobbbbbbbboooooooooobbbb
0000000000000 00000000O0 (Coo0o0o0D0DoooUoooooooo
00000000000000000000000) 000000000 oOooOoOoOOooO
gbbggbuogbobuogubogboobobuoobbodoboooboobboboon
gobboooobbbuooobbod

2.00000

gbooboboooboooboobuooboboo0obooboobOobobOobO0Un Higgs
OOb00oOoboboOoobo CERNDO LHCODODOODODOODODOODOODOOOoDoOoDooDOo
gooboobogobuogobboobboooobboobboobooobooooboon
gbogbobodgboobbogbuoobboobuoobboobuoboobbboob
gooobooobooboobboobbbobbooboobboobboobboon
gbogbobodboobboobboobbodoboobbooboobbooboob
gbbogbogoboooboobbuoobbobbobuoboobboobooboon
gbobogbobuogboboobuoobboobuoobbooboobbuoouoooboob
gbobodobuogbooouoobuoobbuoobboobboobboobboboon
gbogbobodboobboobuoobboobuoobboobuoobobooboon
gobobooogbbbuoooobbbooooobobooooa



3.00000

00o00o00o000o00o000o00 (v,v,y,) 0000000000000 OOOOO

d Ve Ve
Za VH = M I/’LL 5 (1)
Vr Uy
M = Udiag (0, AEy, AE3) U™! + diag (4,0,0) . (2)

000 A=+2GN,0G,0000000000N, 000000 (0000000000
D00000000000)0000AE,00000000D0O0O0OOO00000000

0000000000 AEy = (/P2 +m? — VP +mj ~ (m?—m})/2jpl000000
00000000000000UD0D0000000000000000000000000
000000000000000000 (¢ =cosf0sj, =sinb;06, 00000000

socCcpOO0O0O00)

1 0 0 C13 0 8715813 c1a S12 0
U= 0 C23 S93 01 0 —S12 C12 0
0 —S93 (a3 6i6813 0 C13 0 0 1

000000000000000000000000000(1)00000000
(1)0000000

00000 (1)0000000000000 Py, =)0 P, »7) 00000000
0000 N(vy =)0 N, = 7) 000000000000 pieay 100000000
0000000000000000000000000000000000000000
00000000000000000006400000000000000000000
0000000000000 prey 10064000 CPOODOOOODOOOOO0O0O00O
Ni(ptheory,d) (jO00D0DDDDDOOOOD jO000000)06=00CPOOOOOO
000000 00000000 N(p,d=0)00000000

. 1
X2(5) = mpln Z ? [N(p, 0= 0) - N (ptheory7 5)]2
j J

Doobdbdobogbodioidde0bdbaoaoodbyobodbdaoooodoan
oooooooooooboooooboooooo0oooobooooooOosoDobooooo

000036 00000000x*0)>100000000000000000046=0
Oé#00000000000000

(2)00000

0000000000000000000000000000000 P(v, = v,)0 P(7, —
7,)0000000000000000P=P(y,—v)0P=Pi,—-r)000000
00000000000 00000000000000000000000000000
0D0000P=000P=0000000000CPO0S0000000000O000
000000000000000000000000006;0000002120000
006,;0006,,000000060000000000000000000000000
D000000006,300,05000000P=000P=0000000004600000



XEsin22013DY_s23DDDDDDDDDDDDDDDDDD(X,Y)DDDDDDDD
gooo

1 p-C P-C _ p P
MCX@“ﬁ»—mgA{( 7+ Fa)(Y—D—%F+FMGﬂF+f}
1 P-C P-C _ p P
- —= Y-1)—-(F-F)X+—=——=
e Gy 5 L et Rt s S N

2 2 . 2 : 2

o= Amgl sin(AL/2) Sin? 26, Ii’ Esm(A:FAL/Z), AEAm31L

Am2, ) | AL2A 2 (1F AL/2A) 1E

2012000000 1()00000000000 (Normal Ordering; 1 0)0 00000 (In-
verted Ordering; 0 0) 000 00sin 26y = 2/(1 4+ /1 —sin?20,3) 0O0000(3)000
D0000000Y=0000000000000000000000000000000
0000002120000 603000000000000 1(b)0000 (63,6)00000
0000000000000000006,:000000000000000000000
0000000000000 D0D0D0000000000O0

|o o YO
5| # ‘
—
YLO NO | YLo

- (L2 “s

1 1
0 sin? 2613 0 sin® 20,

I

2
1/323 N

(b)

01: 0000000 (a):6;000000 (b)6,000000

(3)0000000000

()00000000000000oo0OO0O00D0D0ooOoO0o0ooDoooooooDOoO
ooooooooodoooiooooooooonodoonooooboooogd
(2)0 ADD0OO03x3000000000000000000000O0MOOOO0O M?
O(,n)000000000OODODODODOO

sin(AE;,L/2)

P(vy = ve) = P(ve = 1) = 16Tm [(M),,,(M?);,] T N

i>k

00000 MOOOOOE, (j = 1,2,3)0AEy = E;— E, 0000000000
0000000000000000000000000000000000000000
[1,.,sin(AE;L/2)/AE; 0000000000000000000000000000O0

000000 [(M),(M?):] D0000000000000000000000000

4. 0000
()Oo0O0O000000o0o0oOooOO0OO00oOoOoOoooo

OO000Db0obo0ooboOo T2HKO00000000 DUNEOOODO cCcPOOOOODOOO
ooobooobobooocpoboooo0ooboOoboboOoOobD é6sODO0ObObOOoO0bDOoOD
godgoooddiv, —rv.0p, - 00dooodooodoooogoooogon
ooooooooooooogoooooboooooooocpobgoobobobooooo
oobooboobooocehOoob0oobOoooooboooboDOoboboobobOOobDboODO



gboobooboboboboboobo bUNEOODODOODOODODOODbOODbOODbOD
gboboogobuogbbodgboobobuoobobuoobbooboobbuoobbboob
0000 Geller-Hara OO0 000 (2000 0)000005%000000000000000
O0000000000000000000000000000%05%010%0000 CPO
gbooboobobObOoboboobooobDoobOo0obuoUo DUNEODDOODOODOD
gobboboooobobbboooobbbooogbbobogo

(2) 00000000000 0000 0000000000

000000000000000000000000000 T2HKODO (O0)0 DUNED
0(@)0D000000000000000000 T2HKKOO (00)0 ESSySBOO (O
00000)0000000000000000000D0D0D00000000000D00D0O0
000000000000000000010000 (B =|Am|L/{4(n+1/2)7} (n=0))
00000 TRHKOOO DUNEOOODOOODOOODOOODOOODOOO?20000 (E=
|Am2,|L/{4(n+1/2)7} (n=1))00000 T2HKKO OO ESSySBOOOOOOO0O0OO
0000000000000 2000000000000000000020000000
000000 (sin®2013,sin 26x) 000000 sin 26, 00000000000 00OO0
0000000000000000000000 6;00000000000000000
O0000000000000000000(sin?2613,sin"26,) 000000020000
00000000000000000000000000000000000000000
200000000000000000000000000000O00000000000
0000000000 1000000000000000000000000000 200
0000000000000 000000000000000000000000

(3) 0000000000000 oooooDoooO

00000000000000007x000000 7t =t +v,01 = u +2,000,
000 7,0000000045000 g~ = vu4e +00p" =7, +et+1,000000
00000000000000000000000000000 200000000000
00000000000000000000000000000 60000000000
00000000000021200000000000000006,;000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000000020220
0 xTRISTANODOOOOOODOOO0O0O0O0O, 000000000000000000
000000000000000 pTRISTANODOOOOODO,t 0000000000
0000000ut = 7,+et 4+, 000000000000000000000000*
00000000000000000000#,0+%00000000,700000000
000 7,00000000000000000000.,000000000000000
000000000000y, -+, 00000000000000000 v, —10000
000000000000y, —»v0v—»,00000000000000000000
00000000000000000000CPO00 (v, =0, —2000)0v0
y0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000



Osamu Yasuda 26

Analytic Formulae for T Violation in Neutrino Oscillations 2024

Entropy 472--1-15
DOI

10.3390/e26060472

Ghosh Monojit Yasuda Osamu 989

Effect of matter density in T2HK and DUNE 2023

Nuclear Physics B 116142--1-21
DOI

10.1016/j .nuclphysb.2023.116142

Y. Wang, O. Yasuda 2022

Search for sterile neutrinos by shower events at a future neutrino telescope 2022

Prog. Theor. Exp. Phys. 023B04--1-29
DOI

10.1093/ptep/ptac010

0. Yasuda 2022

Neutrino oscillation phenomenology and impact of Professor Masatoshi Koshiba 2022

Prog. Theor. Exp. Phys. 12B105--1-17

DOl
10.1093/ptep/ptac056




11

2021

72-72

DOl

2022

14-20

DOl

Osamu Yasuda

Synergy of HK & DUNE

XXX International Conference on Neutrino Physics and Astrophysics (Neutrino 2022)

2022

Osamu Yasuda

Theoretical overview

21st international workshop on Next Generation Nucleon Decay and Neutrino Detectors (NNN22)

2022




2022

Sterile neutrinos and non-standard interactions of neutrinos

Kagoshima Workshop on Particles, Fields and Strings 2023

2023

Y. Wang, O. Yasuda

Phenomenology of sterile neutrino oscillations at a future neutrino telescope

2021

2021

0. Yasuda

C02 Summary

2022




C
https://ww2.yukawa.kyoto-u.ac.jp/~osamu.yasuda/kibanc-2021/index.html




