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(X, Dzt (Flavor puzzle) : HL&R

* Flavor symmetry (top-down)
— U(1)rn  Froggatt & Nielsen, 1979, 1600cited
— SU(2), SU(3), ...
— 53, Harari, Haut, Weyers, 1978, A,, S,, ...

— Family unification  Ramond 1979, Wilczek & Zee, 1982
SO(16), SO(18), E,, E,, etc, > SO(10)xSU(3)
* Flavor texture (bottom-up)
— b6-zero texture Weinberg 1977, Fritzsch 1977, 800cited
— n(=2,3,4..)-zero texture
— Democratic texture Harari, Haut, Weyers, 1978

— U-T symmetry Fukuyama and Nishiura 1997
— Generalized CP SYM. Ecker, Grimus, Konetschny ‘80,
— Ftc.. Holthausen et al, "12, Feruglio, et al, ‘12

iH{#EE = HiggshHAbDEVM?
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Neutrino oscillation

MNS matrix Uning = UQUJ.
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Neutrino oscillation

MNS matrix Uning = UQUJ.

Uel Uc‘2 U03
U=1Un Up U,;
U Ura Usrs
1 0 0 C13 0 sy3e” % clo S12 0 eic1/2 0
— 0 C23 S923 0 1 0 —S12 (€12 0 0 eiag/Q
0 —s93 a3 —.91;36'i6 0 C13 0 0 1 0 0
From atmospheric reactor solar Majorana phase
PDG 2020

(923 ~ 49.2 £+ 10, 913 = 8.0 £ O.lo, 912 =334+ 0.80 (10’)



Neutrino oscillation

MNS matrix

U el Ue2 UeS
U= U;l. 1 U;L'Z UuB
UT 1 U7'2 UT3
1 0 0
= |0 co3  s23
0 —s23 c23

From  atmospheric
PDG 2020

Oo3 ~ 49.2 + 1°,

sin B,3 = 1/V2, bi-maximal?

Unins = UUY.

C13 0 syze™’

0 1 0
—s13¢” 0 i3

reactor

013 = 8.6 £ 0.1°,

solar

012 = 33.4+0.8°

Majorana phase

(10)

sin ©1, = 1/V3, tri-maximal?



Fukuyama and Nishiura 97,
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Note: TBM & Ka = Z,xZ, XAV

C.S. Lam, PRD 74, 113004, (2006), PLB 656, 193-198, (2007), PRL 101, 121602 (2008).

2 DD BT FNMED ELZ IR Tri-Bi-Maximal JE&Z =

* L-Tsymmetry 1 0 0
T=10 0
0 1

2-3 flavorD 33} é Imsgl = my,
* magic symmetry 12 2
EABITOFIONE 5= ( 4 ) SmS = my,
LUV (BERE) s o8

DKa =2, x Z, WFME (< A;) ZEREI ETBMTHA1L

~7\ [c+d=b b b S oz O c+d—2b 0 0
1 1 1 —
b d c S S e 0 0 c—d

Ve V3 V2
3 parameters

ZNZNDLWIMEDBEENY ML ZEE

= e
|
TSl

S5
S-Sl




Note: TBM & Ka = Z,xZ, XAV

C.S. Lam, PRD 74, 113004, (2006), PLB 656, 193-198, (2007), PRL 101, 121602 (2008).
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* L-Tsymmetry 1 0 0
T = 0
1

e 0 1 —
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U-T reflection symmetry  ferrison & scot, 02

Grimus & Lavoura ‘02

= U-T symmetry + BREX

v ¥

1 0 O a=a* b b
T=10 0 1 Tm;ZT = my, myg = c d e
0O 1 0 c* e* df
a~eecC

23 RAEA T T &

a vV2Reb —/2iImb 1 0 0 1
UpymsUL,, = | V2Rec  Re(d+e) ilm(e—d)|=[0 1 0 |mo]o0
0 0 —i 0

oS = O
= O O

—v2iImec ilm(—e—d) Re(d—e)

)

mo (& —AZHEY7RZE1T%! (9 parameters).



1-T reflection symmetry

= U-T symmetry + BREX

1 0
I'=10 0
0 1

0

1 ijcT = my,

0

23 RAEA T T &

UBMme;M = (

a real \/§Reb
V2Rec Re (d + e)

Tnf =

pure imaginal

—/2iImb
i Im (e — d)

—/2iImc iIm(—e —d)

mo (& —AZHEY7RZE1T%! (9 parameters).

Re (d —e)

)

i =

C

*

C

0
0

Harrison & Scott, ‘02
Grimus & Lavoura ‘02

a=a* b bF
d e

e* d*
a~ec€C

1 0

mo 01

1 0 O

<. O O

|



U-T reflection symmetry  ferrison & scot, 02

Grimus & Lavoura ‘02

= U-T symmetry + BREX —
1 0 O a=a* b b"
T=10 0 1 Tm;ZT:mf’ myg = c d e
0 1 0 c* e* d*
L ~eecC
23 X NEB T &, pure imaginal e

a real \/§Reb —\/§’L Imb 1
UBMmeBM_ V2Rec Re(d+e) |ilm(e—d)|| =1]0
—v/2iIlmc iIm(—e—d)| Re(d—e) 0

i =
oS = O
= O O

0 1
0O |moglO
—17 0

mo (& —AZHEY7RZE1T%! (9 parameters).

H5—ADBEETIHNNANLGEET = (i3 = +45°
0cp = 1£90°,




U-T reflection symmetry  ferrison & scot, 02

Grimus & Lavoura ‘02

1 0 0 1 0 0
UpymsUL,, =0 1 0 |mo|l0 1 0],
0 0 —i 0 0 i
1T mo [FIERITH TR AL
+m; 0 0 — a93/2=0or £7/2
RrmoRL=1 0 +my 0 |. BOEEE =
o0 s SAY IS5 F {8

u-t reflection [&—fZ{b S NI CPRIFRED O & D

Ecker, Grimus, Konetschny ‘80,
Holthausen et al, 12, Feruglio, et al, ‘12

a generalized CP (GCP) symmetry
;= Ui CPs (t, —x), my = ULmZU};,



u-t (reflection) symmetry TR o0

* p-tsymmetry  T'm;1T = my,

Do o 0 b b a~eecC
T=10 0 1 me=|c d e (in the diagonal basis)
010 c e d = 093 = +45°

* -t reflection symmetry Tm3T =my,

Harrison & Scott, ‘02 a=a" b b = g3 = £45°
Grimus & Lavoura ‘02 ™ = ¢ d e dcp = £90°,
c* 6* d*

a23/2 =0 or £7/2
e Reflection symmetry Rm;R = my,
M. Yang, 20, submitting to Chin.Phys.C / 4 .p .~ A~ K eR

R = diag(—1,1,1), ms= (D F G d ~ £90°,
F H K (}{2’3/22001':&7'('/2



- . ] Koide, Nishiura, Matsuda,
Eb*)%,é . Universal texture Kikuchi, Fukuyama, ‘02
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T —M 73 -t reflection
« [AUp-treflectionZzi®9 &, MBI UL TS, =0IC7R S
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M. Yang, '20, PLB 806
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Cour-zero texture & D R
S [ B B S Cfour-zero texturelC 78 5

m? M — U;M m U,

0 i?u 0 0 qd 0 Fritzsch & Xing, 95
my = | —iC, B, B,| ma=|Cqs Bg By

0 B, A, 0 By Ag A~KeR

(JTR DUniversal texture TIEB, = 0)

IEBRYIC 12 x 23 BB D H TR AL = cKMTTFH D B W EEih
Veku = O} diag (=i, 1,1) Oy

Cu Su O e iz 0 0 ca —Sa 0
= | -5, ¢, O 0 ¢ Sq| |Sa ca O
0O 0 1 0 —S84 Cq 0 0 1

u — 7 reflection symmetries = dpz = 90°  &Al §py, = 87.9°



Cour-zero texture & D B

& [ I JEK Cfour-zero texturelC 78 5

. T HermitefZER UTc & &,
my " =UpymyUBM: | (mf)=0T 1 2, (mf)s=(mf)=0T 1D
. A4
0 iCy O 0 Ca O Fritzsch & Xing, 95
my = | —iC, By, By| ma=|Ca Baq By
0O B, A, 0 Bg Ag A~KeR

(JTR DUniversal texture TIEB, = 0)

IEBRYIC 12 x 23 BB D H TR AL = cKMTTFH D B W EEih
Veku = O} diag (=i, 1,1) Oy

Cy Su O e~rz () 0 ci —Sd 0
= | —sy, ¢, O 0 Cq Sq Sa ¢cq 0
0 0 1 0 —S84 Cq 0 0 1

1 — 7 reflection symmetries = dpz = 90° g8 6, = 87.9°



Cour-zero texture & D B

& [ I JEK Cfour-zero texturelC 78 5

. T Hermitel$ ZER U Tc & &,
my = Upnm U, (Mf)12=0"C 1 D, (mf)13=(mf)3:=0CT 1 D
. AV 4
0 iCy O 0 Ca O Fritzsch & Xing, 95
my = | —iC, B, By mqg= | Cq Bg By
0 B, A, 0 By Ag A~KeR

(JTR DUniversal texture TIEB, = 0)

ITMAIIC 12 x 23 BB D H THAL = cKMITFI D B W2k
Verum = Of diag (—i,1,1) Oy

Cu Su U e"0Fz () () cqg —Sq 0
= | —Su Cu O 0 Cq Sq Sa ¢4 0
0 01 0 —=sq ¢/ \0 0 1/ Mmaximal cpv !

u — 7 reflection symmetries = dpz = 90° Al §p, = 87.9°



Reflection symmetries M. vang, 20, Chin. Phys. ClC 75+

CDREEMNEIEICE VT, p-reflectionld
Xt 7R generalized CP XYFNEICTR D o) = U Cyi(t, —),

Ecker, Grimus, Konetschny ‘80, Holthausen et al, "12, Feruglio, et al, ‘12

-1 0 0 1 0 0
_UE’]\JTUULAJ: 0 1 0 ER, U]E[\-ITdU;j\s[: 0 1 0 :13.

0 0 1 0 0 1
Rmy, R = m,, my = Mmg.
Gy | by iy aqg by cq n .
B . _ R0 1 DHIC
My = | |—iby dy ey y Mg = bd dd €d | ; L
. CPIEZEFT S
—icy ey fu Ci €d fd

pure imaginal



Reflection symmetries M. vang, 20, Chin. Phys. ClC 75+

CDREEMNEIEICE VT, p-reflectionld
Xt 7R generalized CP XYFNEICTR D o) = U Cyi(t, —),

Ecker, Grimus, Konetschny ‘80, Holthausen et al, "12, Feruglio, et al, ‘12

-1 0 0 1 0 0
_UEI\-I‘TU-ULAJ: 0 1 0] =R, UE[\-ITdUgAs[: 0 1 0] =1;3.

0O 0 1 0 0 1
Rm;, R = my,, my = mg.
o ibu icu‘ aq bd Cd e . _
_ : _ FADE1HADHIC
My = | |—iby dy ey y Mg = bd dd €d | ; L
. CPEZE&EHRT S
—icy euw fu i ed fd

pure imaginal

u-t reflection symmetriesH 5 p-t symmetry Z 5| W\ /72 H D

— reflection symmetries



Universal four-zero texture
I T DfermionlC A UXTFNE & textureZz 3R 9

1.0 0
0 1 0|=pr  Bm, ,R=myu,, mg,=mge.
0 0 1

0 iC, O 0 Cq O
my = | —iC, B, B, mq= | Cq Bq DBy
B, A, 0 Bg Aqg

0

o 0l o
& & O
- &

o

0

0 ?’Cl/ | (& 0
m, = | 1C, B,, B,|, me= : , |

0O B, A, : e



Universal four-zero texture
I T DfermionlC A UXTFNE & textureZz 3R 9

—1 0 O
( O 1 0) — R’ RmZ,VR — mu,l/j m:;,e — md,e°
1

0 0
0o iC, 0O 0 Cq O

my = | —iC, B, By mqg= | Cqy Bg By
Concise and 0 By Ay 0 Ba Aqg
Elegant !! 0 «C, 0 0 C. 0
m,=1|:C, B, B,|, me=|C. B, B.|,
0 B, A 0 B, A

174 v
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Universal four-zero texture
I T DfermionlC A UXTFNE & textureZz 3R 9

~1 .0 0 )
0 1 0|=R, Rm yJR=myy, Mg, =mge.
1

oY 0 iC, O 0 Cq O
my, = | —iC, B, By mqg= | Cqy Bg By
Concise and 0 By Ay 0 Ba Aq
Elegant !! 0 «C, 0 0 C. 0
m,=|iC, B, B,|, me=|C. B. B.|,
0O B, A 0 B. A.
L 7'k > 1E4 x 2 parameter & 3 lepton mass, 2 neutrino mass, 3 mixing

= m1, 6CP, a2,3%% SR TE i 00
Uans =V, [ 0 1 0] V,Pu,
0 0 1



four-zero texture® 1

. YukawaDHermite!*

M (723 & T)

& SU(2)L x SU(2)r model TD /N T ¢ YRS

LS @ZLz'Yfij(I)ij =+ @ERZ'Y;U(I)*@DLJ’?

P Z@DLH@DR, O* - O

* (me)12=0

U & U ISBEBO AR E TRIF

* (mf)12 20, (mg)13 =0,

P IEEBRTZH. LR model Tl

— Yf:Y]:r

%1 HROERERILT 501 5L E RS

= rlBE (& T)



Calculation of Uy,

X e

VokuM =~

Uuns = UP, P =diag(l,e

(

(

EANgg N> HE

icz/2 emg/Q)
Y .

0 —S823 (23

0\ .o
0 0 €23 5923

(1 -

mq

|

C13 0 S13
0 1 0
—S513 0 C13

Ue3(d0.K. (an input parameter)

‘U(3| — |51 D(| ~ |l513—,

Me

my,

|

13523

C12

s12 O

—s12 c12 0

0

0 1

It IF13EE5ZHMETE R0
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Calculation of Uy,

Jarlskog invariant - Dirac phase

J = —Im [UM3U,,-2U;2U:3] (36)
N 2 2 2
= \/me/m,u, 013(323[—012812823 + 813(323323((312 - 312)
+ 8%3612812(3%3] = —0.0130, (37)
. e C13523
sinocp ~ |/ 5 ~ 2030
my, S13 cr

This value is rather close to the best fit for the normal
hierarchy and in the 1o region dcp/° = 217752 [40]. This

[40] Esteban, Gonzalez-Garcia, Hernandez-Cabezudo, Maltoni, and Schwetz,
JHEP 01, 106 (2019), 1811.05487.



RERAANR—

6CP X2 3 RIRICTETE

__’ngap__(quzppa PDGV__(IEMIPDGV

cos S S12° S13  S23 Ci9~  Ca3
CP — _9¢PDG PDG (PDG .PDG .PDG
S19- 513 Sa3 (12 (a3

(40)
_ |Un2P(1 — [Uss]*)? — [Uss?|Ur2|*|Uzs|* — [Un1|*|Uss|®
—2|Uns]|Ur2||U23||U11||Uss|

(41)

— —0.920. (42)

(cos 30°,sin 30°)

P(cos 210°,sin 210°)




YIRS
—a—hKNYU/BETIZE

~1

EHLTE S

mp 0 O .
/ \ _
my =VoiUnns | 0 me 0 | UL VY. (me H¥4-zero texture

0 0 mg3 DEJET)
0 textureM 5 FEMNFKE
(my)11 = (my)13=0 =
(e 2 ,_{ia‘i‘ 12
my = — ’”25152 © ~25[meV], (ao,as) = (7,0).
12

~ —6.2 [ meV], (ag,as3)=(0,0).

Double beta decay® effective mass

~ 1.24[meV] (a2, a3) = (7,0) (B TIIMRE L.
~ 0.17 [meV] (a2, a3) = (0,0).  texture& F/&)



BERSNICEETIOEE

FEEHNEVNID. D T2~5%< S5VEREHZIH D)

Z.-z. Xing & Z.-h. Zhao, NPB 897, ‘15

0.0002 0 0  0.005 0
. 2
Y, ~ 0.9m; /2 —0. 00022 0.10 0.31) y, ~ 9 Imyy/2 0.005 [0.13 0.31>
v 0 0.31 1 v 0 |o031 1
O(mt) O(mb)

my ~ 2.5/meV], (ag,as3) = (m,0). DE

0  —886i 0 0  —7.058 0
myo~ | —8.86i 29.3 264 | [meV] me = | ~7.058 107.873 96.12 | [MeV]
0 26.4  14.6 0 96.12  [1740 ) o)

(HS5—FADEEIE(Me)22~m TP PARER)

ZIMCIE d-e fFi—ICKRER..? ?
(EIL—FMED (M3 =0ZNE ... 7)




S)— V) 4 Minkowski ‘77, Yanagida ‘79,
~/ / TE@‘-’*% Mohapatra & Senjanovic ‘80

Four-zero texture & reflection symmetriesldSeesaw A&

CC = d €= Nishiura, Matsuda, and Fuk '99,
ﬂchhgn%n%’ti_ciMR:b1IEj ishiura, Matsuda, and Fukuyama

0 0.0002i 0
. 5
Y, =y, ~ U Imy V2 ~0.0002;  0.10 0.31

v 0 031 1
E9dBHE

v2
Mp = ?YumlelYVT

0 —1.084 x 108 0
= | —1.08i x 10° 126 x 10  4.07 x 10" | [GeV].
0 4.07 x 10 1.32 x 101

= RMpR = Mpg. (Mg1,Mg2,Mpg3)
= (2.86 x 10°,3.73 x 107, 1.44 x 10'°) [GeV],



KD ZHICHTHDEENE
Four-zero texture & reflection sym. (S EFHHIEZ 1T &

S5 AL Fritzsch & Xing, PLB 413, '97
o ERITIEL Xing & Zhao, NPB 897, ‘15
,dY,,

d
167 Jt — [O’u + C:f(YuYJ) + Cu(YdYJ)]Ym
dY,
2 d U d
167~ % = g + C4 (YY) + C(Ya¥ )] Ya,
1.17x107% 234 x 107124256 x 10777 7.99 x 10~74
YV, Y1V = | 6.22x 106 0.00140 — 1.17 x 10~% 0.00438
2.00 x 107? 0.00450 — 3.63 x 1075 0.0141

( iCuBuCy iCu(BuBa + BuBa) iC?L(thAd+B1LBd>)

(BuBu+ BuB.)Cy O(B,AuBg) —iB,CuCq  O(B,A,Ayg)
(A'u.Bu + BuBu)Cd O(A‘U,A’U,Bd) — iBuCqu O(A’U,A‘U,Ad>

B 1HRC,,~ \/mu’dmc,sb*\d\é L) = the texture & the sym. [FIRIZIC K TE



<D AT BEENE

Four-zero texture & reflection sym. (S EFHHIEZ 1T &

/U t“ L.j- 7de L) Fl.'itzsch & Xing, PLB 413, '97
Xing & Zhao, NPB 897, ‘15
o dYy,

d
1672 — = low + CU(Y, YD) + CU Yy )Y,
dY,
2%14d u d
167>~ ¢ = g + CY (YY) + Chyvyy vy,
1.17 x 107%| 2.34 x 10712 4 2.56 x 10773 7.99 x 10~ 74
Y, Y.V, = ( 6.22 x 107% | 0.00140 — 1.17 x 10~ 0.00438
12.00 x 107" | 0.00450 — 3.63 x 10~ 0.0141

( iC\y By Cly iCy(ByBg + ByBy) z‘Cu(BuAdjLBqu)

(BuBu + ByBy)Ca  O(ByAyuBag) — iB,CuCy O(B,A.Ay)
(A-u.Bu + BuBu)Cd O(AuAqu) — iBuCqu O(A’U,A’U,Ad)

FI1ERC g~ /My, . HYINE LN = the texture & the sym. (SR IC R

7 =

2 iE



<D AT BEENE

Four-zero texture & reflection sym. (S EFHHIEZ 1T &

S5 AL Fritzsch & Xing, PLB 413, '97
o ERITIEL Xing & Zhao, NPB 897, ‘15
2 dYu u i d T
167T dt — [O{u + Cu. (YUYu) + Cu(Yde )]YU?
dY,
2 d U d
167" — = = g + CH(Y,Y) + CHUYay,))Ya,
1.17 x 10794 2.34 x 10712 4+2.56 x 10~75 7.99 x 10~ 74
Y, Y,Y,; = ( 6.22 x 1076 0.00140 — 1.17 x 10~% 0.00438
12.00 x 107" | 0.00450 — 3.63 x 10~ 0.0141
iCuByCcf iCu(Bqu + -B‘:U,Bd) iCu(BuAd + Bqu>
= (Bu,Bu + Bul?u)cd O(BuAqu> — ZBuC’uC'd O(BuAuAd)
(A'u.Bu + B'U,Bu)Cd O(A‘U,A’U,Bd) — iBuC'u,Cd O(A-U,AuAd>

B 1HRC,,~ \/mu’dmc,si)*\d\é L) = the texture & the sym. [FIRIZIC K TE
= BIRILF—(GUT scale)DflavorPCPZRIFHEVLWTWVS
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NS IERIR ICHE L Tzresidual symmetries

UV theory with the only GCP sym.

Spontaneous CPV
<@u> =1V, <9d> = Vy

*
Rmu’,,R = My, My

flavored CPV (6 U < [Fscpv)hi, 5B 1 XD H4FHUK LY
E1THROEEEZEZILT S H 1 ZILEHRIEDOENICHRE? ?
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NS IERIR ICHE L Tzresidual symmetries

UV theory with the only GCP sym.

Spontaneous CPV
<@u> =1V, <9d> = Vy

flavored CPV (6 U < [&scpv)hi. B 1 D H45FFIHR L
1 HRKOBEZZIEIT D1 Z)LEMEDENICHRE? ?
= U(1)pq Symmetry?




Realization of reflection symmetries

Model : 2HDM + 2 flavons 8, 4 + Z2NFC x U(1)pq x GCP
o ZNFC:FCNCEZELE + RT V¥ v )L Z IR

. UM)p: B THHROEEEZIE+60=0
= 0 y FERLDIEEIHK. Kang and M. Shin,
’ GCP : 77}2’_} I I ®%E${M¢H %& ?-ﬁl'hﬁl] Phys. Rev. D 33, 56:861(1986).
NFC Y N
SU ;”L Ul%Y 221 U<11)0P<3 Clp Bue& B 1 HLD H
qrLi -1, Y,
UR; 1 2/3 1 1.0,0 1 | U(1)eqchargeZx$FD
dpi 1 ~1/3 -1 1,00 1
le' 2 _1/2 1 _17070 1 eu,dd)aj‘
VRi 1 0 1 1,0,0 1
en |1 1 -1 100 1 | GCPchargex#§D
H, 2 —1/2 1 0 1
H, 2 1/2 ~1 0 1 Ou,dDvev C
0. 1 1 1 1 i 0
0, | 1 L 1 | U(L)ea &GCPDMENL D




F. Wilczek, Phys.Rev.Lett. 49, 1549 (1982),

1. flavored U ( 1)pQ A. Davidson and K. C. Wali, Phys. Rev. Lett. 48, 11 (1982),

Y. Ahn, Phys.Rev.D 91, 056005 (2015).

BuaE B 1 D AU(L)pq chargeZ 1D ZNITH D E

—t—f—

(1]

[_Luul

—1Q Q0 d iad 2icy Gia Gia
qir, —7 € qirL, UlR — € UlR, QA1R — € J41R, — ] ]
. ) . (&
lirp, > e "y, vigr — e“vR, eir — e %elr. vio | 11

O u
E6H—Bms —Loal) + AYl+FYQ+A%Y/2) rH.,

E) I E B ~0 ed ~1 H’U,Qd "9
il M‘H 'ﬂE ] € L(Yd + KYd + A2 Yd )dRHd -+ h.C.,
) 0 0 0 ) 0  €ud fud
Y@?,d =10 Elu,d ~u,d 9 Yul,d — gu,d 0 0
0 bu,d &u,d hu,d 0 0

flavored axion (flaxion or axiflavon) (D —7%&

Y. Ema, K. Hamaguchi, T. Moroi, and K. Nakayama, JHEP 01, 096 (2017),
L. Calibbi, F. Goertz, D. Redigolo, R. Ziegler, and J. Zupan, Phys. Rev. D 95, 095009 (2017).



2. Generalized CP H,| 1 0 ]

6, | 1 1 4
0u,dDHGCP charge= K2 |, | _;

—1

0, = +i,, 0;=—i0y, ¢" = ¢ for other fields

NT 22 vIUIEZ, EU(1)pg THE(GCP inv.) iR H D UM EFS Ry
V = Vl(HU7 Hd) + V2(Hu,d7 eu,d) + VS(eua ed)

(4 RIEDEEF : 10.]%05] or 67040;04 )
Ou,dDEZHAFFE (ETMMBRZRL) TGCPEUL)pahMEN S
= COEEKICEWT, cPBISFZIIDE 1 HADHICEH

. 0 ~O 0 ~ 0 éu,d fu,d

Y@?,d =10 Yu,d 6u,al ) Yul,d — gu,d 0 0
0 bud Gugd hya O 0
(




<9u,d>2 ~ <QU,d> ) ~<8u,d> 7
O( A2 ) e A e Pu,d fT e Pu,d

_ ¥ O <9U,d> ¥ 1 _ ~ Qu )y 7 ~
Yia =Yg+ 35V, = | g xeleivua Qo Cud
~ eu . ~ _
h ( A,d>ezg0u,d bu,d Gu.d
q,u,d®

Oy = F+7/4, pg=-—-1/4 < — pu=7/2, pq=0.
- U ez
quarkB E1T7% Dbest fith 5.

A% wsinf  sinf ATy cosh cos [
(0u,a)® _ 107°(x tan” B) My My ~5 10=5
— - < (Yu, ~ — ~ (107°,107° ¢ :

11557 &2/ & LY = reflection symmetries & (mf)11 = 0& AT

(&5ic. (RIDCPOEET) Y, =Y, THNIF (M =06H/cT)



O(<8Xg>2) é <91j\,d> eigou’d f<8’lj\,d> ei(pu,d
> Ou,d) < : ~
Yud = (ngd + < A >Yu1,d) =19 <91j\’d>ew%d dy,d Cu,d
il <97j\,d> ei@u,d Eu,d &u’d
q,u,d®
Oy = +7/4, g =—m/4. 1*4@—7;;53 o =7/2, pq=0.
VR i=EY
quarkE =175 Dbest fith 5.
(0y) V1~ 2myme 3 X 1074 (6,) 71 2mgms 1 X 104
A% wsinf  sinf ATy cosh cos [

The strong CP problem
1071 > 6 = Oqep + Oqrp (= Arg Det[my,my)),

TILZ— MY S 5 —RIFRUICock v & Oopp= 0D AL

— PP CPZ U\ fcstrong CPD#EIC B E FE

ATHE ?



(Ou,d) et Pu,d f<€t;\,d> et Pu,d

e
O(<9u,d>2) é L

A2
V. — (Y9 <9u,d>}71 | = Oud) ipy, 4 1 .
u,d — ( u,d + A ud) _ g A e du,d Cu’d ’
h < ’lj\,d> ezgou,d bu,d au,d

q,u,d®
— Wy =7/2, g =0.

Pu — _|_7T/47 Pd — _7/4'
- U ez
quarkB E1T7% Dbest fith 5.

Ou) 1, V2myme 3 X 1074 (04) ~4
A Yul = v sin 3 sin 3 A Yil = v cos [ cos [
S [E(Zflavored U(1)palT & D O IEdynamicallc .
\/mu,d Me s 192
~ 10 [GeV].

AGUT ~ 1016 [GQV], = <‘9u,d> ~ AGUT
SO | ol Y. Ema, K. Hamaguchi, T. Moroi, and
= Iﬁ'%nﬁ:ﬂ H/\J%J BE é: %}Et—’-—é_\ K. Nakayama, JHEP 01, 096 (2017),

mq ~ 1079 [eV], the dark matter abundance Q,h* ~ 0.2.



X &8
Reflection sym. & WS SMDFHT LU WLGCPZ IRSE

= Majoranafilff a,,/2=0ormn/2
o TIPS S—RFAL IZ5ckm & Oopn= 0D 3L

+ universal four-zero texture
= N T Dfermion ,\EKV e & Upns @ FH3R

= 5., =203, BEBEEMEE. ml=250r62meVZzF5
Z@% [Fseesaw RERZ DT, Y ICEREEM BHIES

w1 HEROBIMNE, <DZAIKWMAD S

+ SAFMEDEIRD =8 [C2HDM+U(1)pq x CPTSSB% & % 1

= fo ~ Mgury /Ty qlles/v ~ 102GeV = Q h* ~ 0.2. axion DM?



0 iC, 0 ) 0 C; O
my = | —iC, B, By mq= | Cq Bq By

0 B, A

[0 iC, 0) 0 C. 0)
my, = | iC), Bu B, |, me=|Ce Be Be |,
0 B, A

\ 0 B, A,

That’s all. Thank you!



Back ups



(T Z #1& Dreflection symmetries
rephasing of quark fields QQ = q, u,d
Q' =PLQ, Py =diag(e'*?,1,1),

—e2Pau () +e2%ad (0 0

Ryu =P, RP,, = 0 1 . Ryq=P,413P, 4= 0 1 0],
0 0 0 1

Rj]muRu = My, Rl;ded = my.

0
FTIFEDHICT BICIE  ¢u=371/4 dg= —da=7/4

_ o O



Global Fit

|. Esteban, M.C.Gonzalez-Garcia, M. Maltoni, T. Schwetz, A. Zhou,
JHEP 09 (2020) 178 « e-Print: 2007.14792

0.801 — 0.845 0.513 — 0.579 0.143 — 0.155
|U|yith SK-atm _ | 934 _ (.500 0.471 — 0.689 0.637 — 0.776
0.271 — 0.525 0.477 — 0.694 0.613 — 0.756
- = |
Normal Ordering (best fit) Inverted Ordering (Ax? = 7.1)
bfp £1o 30 range bfp £1o 30 range
sin? 612 0.30415:013 0.269 — 0.343 0.30415°015 0.269 — 0.343
g | 02/ 33.44*0-77 31.27 — 35.86 33.4570-78 31.27 — 35.87
el
2 | sin®6a3 0.57319-0:6 0.415 — 0.616 0.5751 5015 0.419 — 0.617
S | 23/° 49.2799 40.1 — 51.7 49.3700 40.3 — 51.8
n
Q
sin” i3 . Y . — U. . _a . — U.
£ | sin?0 0.0221910:09002  0.02032 — 0.02410 | 0.0223875-909°%  0.02052 — 0.02428
a5}
| 013/° 8.571512 8.20 — 8.93 8.607912 8.24 — 8.96
N
E dcp/° 19727 120 — 369 282126 193 — 352
Am%l +0.21 +0.21
_Amg, +2.517T0526 42435 — +2.598 | —2.4987008 2581 — —2.414
10_3 eVz . —0.028 . . . —0.028 . .




Fritzsch-Xing parameterization

H.Fritzsch and Z-z. Xing, Phys.Lett.B 413 (1997) 396-404, ArXiv 9707215

Another parameterization of the CKM matrix

cqy Su O e 0 0 ca —Sq O
V = —Sy ¢y O 0 c S Sq ¢a O
0 0 1 0 |—s ¢ 0 0 1

(susdc + cycqe ¥ SuCqC — CcySqe” ¥ sus)
Y,

CuSdC — SuCge ¥ cycqgc+ sysqe ¥  cys
—S54S —CdS C

Since the first-generation has tiny mass, only
the heavy quark mixing receive quantum corrections



Fritzsch-Xing parameterization

H.Fritzsch and Z-z. Xing, Phys.Lett.B 413 (1997) 396-404, ArXiv 9707215

Another parameterization of the CKM matrix

Almost RGE invariant!

Cuy Sul O el 0 0 cq —Sql O
V = —Sy Cy| O 0 c S Sq ¢a| O
0O 0 1 0 |—s ¢ 0O 0 1

(susdc + cycqe ¥ SuCqC — CcySqe” ¥ sus)
Y,

CuSdC — SuCge ¥ cycqgc+ sysqe ¥  cys
—S54S —CdS C

Since the first-generation has tiny mass, only
the heavy quark mixing receive quantum corrections






Note: Predictive GUT

Fritzsch and Xing review, 9912358

universal texture and d-e unification has predictions.

0 +ix O
oo (58

0 Y z

0 x’ 0
My = (m’ Y 7“?/) :

0 ry 2

0 x’ 0
M, = (fv’ — 3y’ ry’) :

0 ry 2

6 parameters!! @ GUT scale
(r=v2)
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universal texture and d-e unification has predictions.

0 +ix O
o (B8,
0 Y z
0 z’ 0
My = (:v’ y' 7“?/) :
0 ry 2
0 o 0 Georgi-
M, = (:U/ — 3y ry’) 7Jarlskog
0 ry o relation

6 parameters!! @ GUT scale
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0

—1x

Fritzsch and Xing review, 9912358
universal texture and d-e unification has predictions.

+izx O my
Yy ry | ,
Ty Solve

472 m
o &3) e
m

T

3Me (1 +

< m 42 m
1 TP

ilf/ 0 RGEs ms 3 <1 o 9 ) m. §T> Cde )
vi oy = &6

Ty < my m7—3b Cde

7! 0 Georgi- T
— 3| ry Jarlskog 1 /ln(MX/MZ) )

’ : - _ . d

ey p relation & exXp 1672 J, fi(x) dx

(r=v2)

renormalized mass @ mZ scale
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Note: Predictive GUT

Fritzsch and Xing review, 9912358
universal texture and d-e unification has predictions.

. 4 2
0 iz 0 ma = 3me 1+ — 2 &) ¢y,
M, = |-z y ry], 9 m;
0 ry z Solve m 4r2 m
_ p B3
0 33/ 0 RGEs ms = 3 <1 o ? ) m_'r §T> Cde )
My = x’ v oy, = 5
0 ry 2 — §Sh
Y my = Mr—3 Cde
0 7! 0 Georgi- T
M. — 2 — 3 7Jarlskog 1 In(Mx /M)
© ( 0 Ty/y Zy/ ) relation & = €xXp _167r2/0 fz'Q(X) dx
6 parameters!! @ GUT scale

renormalized mass @ mZ scale
(r=v2)

Taking r? = 2 and tan Bsusy = 50 for example, we obtain mg ~ 3.6 MeV, m, =~ 76 MeV
and my ~ 3.2 GeV, essentially in agreement with the results listed in (2.9).




Note: Predictive GUT

Fritzsch and Xing review, 9912358
universal texture and d-e unification has predictions.

; 4’ m
M, = ( ?a: +y1x 72;) Mg = S (1 Ty m—M é) Cde
u R , T
0 ry < Solve m 4r2 m
_ p B3
( O/ ZC: O/) RGEs ms = 3 <1 o ? ) m_'r §T> Cde )
Mg = x gy |, = 5
0 g my = mT% ol RGE factor | 3
0 2 0 Georgi- T from strong ints.
M. — o — 3 7Jarlskog 1 In(Mx /M) )
© ( 0 Ty/y Zy/ ) relation & = €xp _167r2/0 fi(x) dx

6 parameters!! @ GUT scale
(r=v2)

Taking r? = 2 and tan Bsusy = 50 for example, we obtain mg ~ 3.6 MeV, m, =~ 76 MeV
and my =~ 3.2 GeV, essentially in agreement with the results listed in (2.9).

Unfortunately, this scheme contradicts recent observation of Vub ...

renormalized mass @ mZ scale




BBl NICBETIORE

BEINENNDE., RO T2~5% 5WVWEREHZIHN D)
Xing & Zhao, NPB 897, ‘15
Yy, ~ 0.9/ (-0.8002@ 008.01%% 0.%1) Yy~ 0.9y, /2 (o.805 0691035 o.?n)
Y 0 031 1 v 0 |o31 1
O(mt) O(mb)
my ~ 2.5[meV], (ag,as)= (m,0). DfE

0  —886i 0 0  —7.058 0
myo~ | —8.86i 29.3 264 | [meV] me = | ~7.058 107.873 96.12 | [MeV]
0 26.4  14.6 0 96.12  [1740 ) o)

(HS5—FADEEIE(Me)22~m TP PARER)

ZIMCIE d-e fFi—ICKRER..? ?
(EIL—FMED (M3 =0ZNE ... 7)




