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From Z(12-1) orbifold
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From Z(12-1) orbifold
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These are special cases of anti-SU(N)
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J determinant as
a phase in CKM matrix
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1. Jarlskog phase
iIn CKM matrix
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To have physical effects of CP violation, the J must be non vanishing. Our
form for the CKM matrix is, with the 1st row real,

C1, 51C3, 5153

—10 —10
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To have physical effects of CP violation, the J must be non vanishing. Our
form for the CKM matrix is, with the 1st row real,

€1, S51€3; 5153
—cos1, € Ys3s3+ creacs, —e ©sacs + c1cas83
—e"%5189, —CoS3 + C159¢3€",  cocg + ¢1S953€

V11V22V33 = C%C%C% + C%S%S% + 2C1C2C3SQS3 COSO

— C|C2C3S%st3€'6,

The individual element of

—V“V23V32 - C%C%S% -+ C%S%C% — 2C1C2C3S2S3 COS5

determinant is b yescssisysaed
Vi, Vs V3 = s%s%c% — C1C2C3S%5253ei6,
—V 15V, Vi3 = stc3c3 + ¢ cy03575,55€%,
Vi3Va1 V3o = s7¢353 — €1C2C3875,55€",

_V13V22V31 — S%S%S% + C1C2C3S%5253318.



To have physical effects of CP violation, the J must be non vanishing. Our
form for the CKM matrix is, with the 1st row real,
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The Jarlskog determinant is
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Is Im(V11 V22 V33) the Jarlskog determinant?
J=|ImV_{11} V_{22} V_{12}* V_{21}*], or [Im V_{i}V_{jj}V_{ij}*V_{ji}*|
Let J be
imaginary part of
ViSVL Ve = |V 2‘/'11‘/33‘/1%‘/3*1 — V11 Va3 Vel Mo X this is J
+ [Va1]*ViaVas Vi5 Vs Va3 Vi3V U;EIItarlty of V
V1*3V22V3*1 = (1 — ‘V21|2
+ Vi1 Vas Vi3 Vo [Var |* + (1 = Vi1 ]7) Via Vas Vi Vs
— |V13Vao Va1 |%.
Similar considerations for other elements give the imaginary

The Jarlskog determinant is
J=ImV_{11}V_{33}V_{13}*V_{31}*. Then, on 1=De
+ |V13|? Va1 Vaa Vs Vs — [Vi3Vaa Vi |
T VssVia VD
+ [Vas|* (Vi2Var Vi Vo + Va1 Vaa Vi Vas)
part as [(1-|[V_{21}"2) -|V_{31}|"2 +(1-|V_{11}})*2]J=J
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Kim-Seo form of J: J=Im (V_{31}* V_{22}* V_{13}")
JEK, M-S. Seo, PoS DSU2012 (2012) 009 [arXiv:1211.0357[hep-ph]]

JEK, D.Y. Mo, S. Nam, JKPS 66 (2015) 894 [arXiv:1402.2978[hep-ph]]



Kim-Seo form of J: J=Im (V_{31}* V_{22}* V_{13}")
JEK, M-S. Seo, PoS DSU2012 (2012) 009 [arXiv:1211.0357[hep-ph]]

JEK, D.Y. Mo, S. Nam, JKPS 66 (2015) 894 [arXiv:1402.2978[hep-ph]]

By looking at the KS form of J, we can see the
importance of physical CP violation effect.



2. Maximal CP violation
In quark sector
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We used Det(V)=1. If it were not
SO, we can multiply a common
phase to all g=2/3 quarks to

make Det=1. It corresponds to a
rotation of J triangle.
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We used Det(V)=1. If it were not
SO, we can multiply a common
phase to all g=2/3 quarks to

make Det=1. It corresponds to a
rotation of J triangle.

Making Det=real with 1st row real is
rotating it such that the phase
appears at origin.

The 1st row Is real.
One side becomes x-axis.
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There are 6 Jarlskog triangles. One of them
corresponds to B-meson decay to K.

PDG gives alpha or our delta almost 90 ~ ~~~,

degrees.
‘L‘s 2
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There are 6 Jarlskog triangles. One of them .
corresponds to B-meson decay to K.

PDG gives alpha or our delta almost 90 ™~

A X
J = €102€3578283 8N 0

deg Fees. CyC351 59 ~L
. . g =
We can consider another J: B decaying : - ViV
to pi meson. This has two long sides.
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There are 6 Jarlskog triangles. One of them A
corresponds to B-meson decay to K.

PDG gives alpha or our delta almost 90 ~ ~~~,

J = ¢102¢35758283 8in O

d eg rees. C9C351 59 ~L
. . 6=a
We can consider another J: B decaying : - ViV
to pi meson. This has two long sides.

S0, delta=90 degrees is a maximal CP
violation! in KS parametrization. In other
parametrizations too.

Jal. det. ~ |
/\(i | ‘1 3 ‘; 1 / /\b| sin o
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12. CKM quark-mizing matriz 15
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Figure 12.2: Constraints on the p, 77 plane. The shaded areas have 95% CL.

and the Jarlskog invariant is J = (3.067)57) x 1075
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PDG determines

Combining the B — 7w, pr, and pp decay modes [105], a is constrained as

a = (85.4F32)°.

This implies that the weak CP
violation in the quark sector Is
almost maximal with some real
angles fixed. Here, the
parametrization must allow 90
degrees.



In the quark sector, we can consider the leading CP
violation term is maximal !! Also, simple in formulae.
Further corrections may lower the value a Dit.

Since we know the weak CP phase, the final state
Interaction phase can be estimated. D. Y. Mo has
already talked about this: the first try in particle
physics to calculate the phase shift analysis
problem In quantum mechanics. The order Is
about -1380(Delta 1=1/2), and 2/(penguin) degrees.
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Maximal CP violation
In lepton sector?
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Maximal CP violation
In lepton sector?

In the recent T2K experiment [Y. Oyama at Planck

2015, A. Fiorentini here], deltarws Seems to be +- 90
degrees at 2 sigma level. Whether it is true or not, it is
worthwhile to ask a question on it. See also, D.V. Forero-
M. Tortola-J. Valle, arXiv:1405.7540.

Determination of deltar-ws may choose deltacw In certain
models.
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3. Unification GUT Families
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15 +1 chiral fields are
grouped Into

dC
u
u® et , ., N 2
d Ve
L e

g@ J E Kim. "UGUTF and maximal CP violation”, FLASY15@Mexico, 2 July 2015.  17/45



15 +1 chiral fields are
grouped Into

dC
U
C - o 0
U ] e : ” : NL
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L
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15 +1 chiral fields are
grouped Into

de €
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C + I
! d ) ’ Ve - AL d° NO ’ 1 ) ez-
L e I d L €
T h
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15 +1 chiral fields are
grouped Into

de e
u - 0 U
C + —
“ d c ’ Ve ’ NL dc . 1) ; 6_{L_
L e I d L €
T h
GG model Anti-SU(5) model

g@ J E Kim. "UGUTF and maximal CP violation”, FLASY15@Mexico, 2 July 2015.  17/45



N(N-1)/2+ N chiral fields are
grouped Into

0, )2 15 €16 . €EIN ]
Q2

—Q2, 0, *rry Qgg €26, *** 4y €E2N
Q3
Q4

a5

— ABl _ 8}
—ay5, —aa5, -+, 0 €56, “**, €3N fe

—€16, —€26 ***, —€56 0, -+, Ben

—€EINy —€2N ", —E5N -ﬂﬁNa Ty 0
fn
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N(N-1)/2+ N chiral fields are
grouped Into

0 X12 15 €16 , EIN &1
a2

—Q2, 0, *rry Qgg €26, *** 4y €E2N
Q3
@ N
o ) ) ) X ) ) N
2] = &P = . 1] = 311 = | O
—015) _025, “ . ] N 656? _— g €5N f6

—€16, —€26 ***, —€56 0, ---, Ben

—€EINy —€2N ", —E5N -ﬁﬁNa Ty 0
fn

Anti-SU(N) model
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N(N-1)/2+ N chiral fields are
grouped Into

0 X12 15 €16 , EIN &1
a2

—2, O& *ery gy €26 *+*, €E2N
Qi3
G y

b ) ) ) ) ) ) .

2] = o7 = : 1= =|°
_015, —025’ « s ] N 656? .- s ] GsN fG

—€16, —€26 -, —E€56 Oa Ty ﬂﬁN

—€EINy —€2N ", —E5N —ﬁGNa Ty 0

fn

First example:
JEK, PRL 45,
1916 (1980)

Anti-SU(N) model
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An early example is a spinor of SO(14)

\IJ[A] 1 \IJ[AB] 4 \I’[ABC’] 4 \IJ[ABCD] 1.,

N(N—-1) N(N —1)(N —2)
N 4 I

9 3!
7T 4+ 21 4+ 35 +

mm
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An early example is a spinor of SO(14)

+ One SU(S)
family
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An early example is a spinor of SO(14)

N A |
7
. Two SU(5)
+ One SU(5) anti-family,
family and one
SU(5) family
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An early example is a spinor of SO(14)

N(N —1)
9 3!
7T 4+ 21 + 35 +

l »+ Two SU(9)
+ One SU(5) anti-family,
family and one
SU(D) family
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Used these in JEK PRL 45 1916 (1980):
shifted hypercharges, for 2 SM gs & 3 I's

\I’[A] 4 \I/[AB] 4+ \IJ[ABC] 4 \IJ[ABCD] 1.,

N(N-1) NN-1)({N-2)
]_V' 9 | 3! |

7 4+ 21 + 35 +

J E Kim. FLASY15@Mexico, 2 July 2015.



Used these in JEK PRL 45 1916 (1980):
shifted hypercharges, for 2 SM gs & 3 I's

\I}[A] 4 \I’[AB] 4+ \IJ[ABC] 4 \IJ[ABC'D] 1.,
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Used these in JEK PRL 45 1916 (1980):
shifted hypercharges, for 2SM gs & 3 I's

U + OB o W pey + UABODRI

t can decay to b by scalar

exchange, but not by W exchange,
and
3
sin2 HW — %
not 3/8.

B | |
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- Deadend of SO(4N+2).

- Family unification in SU(N):

Georgi (1979): SU(11) model



We want to have 3 left-
handed families



We want to have 3 left-
handed families



We want to have 3 left-
handed families

and

sin? Gy

Co|



We want to have 3 left-
handed families

ERORCRE
G, 0, 0, W

Family unified GUTSs,
Unification of GUT families (UGUTF)

Qo] W



SU(B): 2] 5 nf=1

SU(6): 3] = nf=0, [2] 2 nf=1

SU(T): (3] = ns=1, [2] 2 nf=1
SUB):[4] 2 nf=0, 3| 2nf=2, 2] 5onf=1
SU9):[4] 2 ns=5, 3] 2 ng=3, 2] 2 nf=1

SU(11): [5] = nf=—5, 4] > np=9, [3] = ns=5, [2] > np=1

The anomaly units in SU(NN ) are

(N — 3)/(N — 2m)

Alm)) = N o = Dim — D1’

AN =1, A(2) =N —4, A(3]) = & ‘3)2("’ ~6) e
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SU(5): [2] = np =1

SU(6) : |

SU(7¢

SUB):[4] 2 nf=0, 3| >nf=2, 2] 5onf=1

SU9) : [4] 5 ns=5, [3] > n;=3, [2] 5> ns=1

SU(11): [5] = nf=—5, [4] =2 nf =9, (3| 2 nf=05, [2] =2 nf=1

The anomaly units in SU(NN ) are

(N — 3)/(N — 2m)

Alm)) = N o = Dim — D1’

A =1, A(2) =N —4, A([3) = & "3)2(” ~6) ete.
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» The simplest case is SU(7) with

SU(T) : [38)@2(2) @ 8[1] @ na((1] @ [1])  na(([2] & [2]) +---
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e

» The simplest case is SU(7) with

SUT) : 3l @2(2) @ 8[1] @ni((1] (1) & na((2] & 2) + -

+ For example, SU(8) with

SU®) : Ble2le9l]eni([l] @ (1)) ®@na([2] @ [2]) +--- .

contains more non-singlet fields.

JEKim. “UGUTF and maximal CP violation”, FLASY15@Mexico, 2 July 2015.

24/45




After the heterotic string compactification, this
field theoretic models were not considered
much. String compactification contains the GUT
breaking mechanism intrinsically.

But, the weak mixing angle problem is serious
and it is better to have a GUT with

, 3
SlIl2 HW — g
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After the heterotic string compactification, this
field theoretic models were not considered
much. String compactification contains the GUT
breaking mechanism intrinsically.

But, the weak mixing angle problem is serious
and it is better to have a GUT with

, 3
SlIl2 HW — g

Can we succeed in finding a UGUTF
from string?
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SM is SU(5) subgroup: Then,

, 3
sin” By = 3
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SM is SU(5) subgroup: Then,
3

Sin2 9W - g

1 (=1 —1 -1 41 +1
Normalized : Y = -
orimmallze \/QN(B’ 3, 3, 2, 2)
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SM is SU(5) subgroup: Then,

3
.2
sin” Oy = —
YR
: 1 /=1 —1 —1 +1 +1
N lized : Y = —
—1 1 D 5
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SM is SU(5) subgroup: Then,

3
. 2
sin“ Oy = —
TR
. 1 /=1 —1 —1 +1 +1
ormmallze \/QN(373)3?2)2>
—1 1 3 5)
~/ 2 1 3
in’ b = T T S
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SM is SU(5) subgroup: Then,
3

SiIl2 HW — g

~ 1 -1 -1 -1 +1 +1
Normalized : Y = (— LA )

VON A3 37372 2
—1 1 D 5
~/ 2 1
. 3
sin26’W:~ g — — 2 >
?+d? 1+ 8

SM is SO(10) subgroup with intermediate SU(5): Then,

3

. 2
0 _ —
S Uw 3
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SM is SU(5) subgroup: Then,

3
. 2
sin“ By = —
w8
~ 1 -1 -1 -1 +1 +1
oriallize \/QN(373737272>
—1 1 3 D
sin29W: §,2 — ﬁ >3

P+9? 1+55 8

SM is SO(10) subgroup with intermediate SU(5): Then,

29 _ 3 This is true even for the flipped SU(5) if
S W = 8  extra U(1) coupling is the same as that of SU(5).
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Georgi-Quinn-Weinberg expression is

Tr 72

. 9 o
SIn” Oy = o2 02
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Georgi-Quinn-Weinberg expression is

Tr T2
2
1rQz,,
Since there is no more funny particles
beyond 16 of SO(10),

Sin2 HW —

3

.2
0 _— —
S Ow 2
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Georgi-Quinn-Weinberg expression is

Tr T2
2
1rQz,,
Since there is no more funny particles
beyond 16 of SO(10),

Sin2 HW —

3
.2
sin” By = —
VTR
UGUTF is the one for an acceptable weak mixing

angle.
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In early SM-like construction [Ibanez-Kim-Nilles-Quevedo(1987),

Casas-Munoz(1988)]. where the weak mixing angle problem could not

be resolved. Only if GUT is somehow working at the compactification

scale, then an appropriate weak mixing angle can be obtained.

Flipped SU(5) from heterotic string: JEK-Kyae,
Antoniadis-Ellis-Hagelin-Nanopoulos (1988)

Large extra dimensions: DESY group, Buchmueller et al.
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In early SM-like construction [Ibanez-Kim-Nilles-Quevedo(1987),

Casas-Munoz(1988)]. where the weak mixing angle problem could not

be resolved. Only if GUT is somehow working at the compactification

scale, then an appropriate weak mixing angle can be obtained.

Flipped SU(5) from heterotic string: JEK-Kyae,
Antoniadis-Ellis-Hagelin-Nanopoulos (1988)

Large extra dimensions: DESY group, Buchmueller et al.

Standard models from non-prime orbifolds:
Many papers by the Bonn-DESY-Ohio group
JEK-Ji-hun Kim-Kyae

But these were not family unification models.
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If we find different SO(10) subgroups at different fixed
points, then there is a possibility that the weak mixing
angle is 3/8. But it is not so obvious to me.

GUTs containing SU(5) is an automatic solution
to the weak mixing angle problem.
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In addition we want to unify families a la Georgi. So far, there
has not been any model, from string, on the unification of GUT
families.
Here, we must resolve the

doublet-triplet splitting problem.

existence of GUT Higgs to break

the GUT group down to the SM.
bonus: simpifies fermion mass matrix testure
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In addition we want to unify families a la Georgi. So far, there
has not been any model, from string, on the unification of GUT
families.
Here, we must resolve the

doublet-triplet splitting problem.

existence of GUT Higgs to break

the GUT group down to the SM.
bonus: simpifies fermion mass matrix testure

Compactification for UGUTF from heterotic string:
SM gauge group can be studied
with applicable phenomenologies
Unresolved issue: moduli stabilization: this
may be found in other method.
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Anti-SU(N)

o
0, a9, -+, ais €16, -** 5 €IN
oD
a3 _012, O, . .. ] 025 626) e o o . €2N
o7
_ Al _ | _ HlAB] _ (s
1l=& : 20 = d
fe —aqy, —aoy, -+, 0 €56, -°°, €EZN
—€16, —€96 --* , —€56 0, ---, B6N
fx —€IN, —€2N -+, —€sN | —BeNn, -+, 0
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Anti-SU(N)

o
0, a9, -+, ais €16, -** 5 €IN
9
a3 —Q12, O) P & 5) 1 €26, -, €2N
o . . . . . . .
as o . . o o .
1] = o = . [2] = @Bl =
fe —Q1y, —Qoy, -+, L €56, ", EEN
—€16, —€96 --* , —€56 0, ---, B6N
fx —€IN, —€2N -+, —€sN | —BeNn, -+, 0
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Anti-SU(N)

o
0, a9, ---, Q13 €14 -+, €N
D
a3 —Q12, O) P & 5) 1 =26, 4 €2N
o . . . . . . .
as o . . o o .
1] = o = . [2] = @Bl =
fe —Q1y, —Qoy, -+, L €56, ", EEN
—€16, —€96 --* , —€56 0, ---, B6N
fx —€IN, —€2N -+, —€sN | —BeNn, -+, 0
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Anti-SU(N)

oy
0, a9, ---, Q13 €1 -+, €N
9
o —a12, 0, -+, 95 296, ", €N
o . . . . . . .
ax . . . . . .
1] = o = . [2] = dAB = @
fe —Qy, —Q9y, ", €56, ", €E5N
—€16, —€96 --* , —€56 0, ---, Ben
fx —€IN, —€2N -+, —€sN | —PeNn, -+, O

First paper: JEK, PRL45, 1916 (1980).

Flipped-SU(5): s. M. Barr, PLB 112, 219 (1982).
J. Derendinger, JEK, D. Nanopoulos, PLB139, 170 (1984).
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Three two-tori:

7o
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Three two-tori:

untwisted string
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Three two-tori:

untwisted string fixed points, and

twisted string

2 | |
=2 J E Kim. FLASY15@Mexico, 2 July 2015,  31/45



Z(12-1) model. Representation 35 is possible
only in U.

U,; Number of 10s | Tensor form | Chirality | [pspin] (Pspin * @s)
Ur(p-V = ) 1 yABC] R ®;+++4] ()
Us(p-V = 15) 3 yABC] L Si++-] (%)
Us(p-V =) 1 p[ABC] L o+ -+ (&)
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Z(12-1) model. Representation 35 is possible

only in U.

U; Number of 10s | Tensor form | Chirality | [pspin] (Pspin * @s)
TR e
Us (p- V:i?) 3 yAE Si++-] (%)
Us(p-V =) 1 p[ABC] L o+ -+ (&)
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Z(12-1) model. Representation 35 is possible
only in U.

U Number of 10s | Tensor form | Chirality | [pspin] (Pspin * @s)
Ui (- V =) 1 E)
U2 (p-V = 13) 3 | oi++-] ()
Us(p-V = 15) 1 pABC] L o+ -+ (33)
We require
Matter representation WABC] (A =1,2,---,7) must be present in the untwisted se

Matter UABl must not appear in the untwisted sector.

Matter WABI must be present in a twisted sector with the chirality that of WABC]
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Triangle
cushion

/3

e
VAY. 2

e

(n1 n9 ) ny ne
(lo — - ..
° 3 3 3 3

S0, 3as contains integers.
No Wilson line effect at

T3 and T6.




At T3, the fixed points cannot be distinguished by
Wilson lines, since Wilson line is numbers with
multiples of 1/3. Z(12-1) has humbers of multiples
of 1/12. So, numbers in 3V are multiples of 1/4.

At two-dimensional torus, Z4 has multiplicity 2.
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multiples of 1/3. Z(12-1) has humbers of multiples
of 1/12. So, numbers in 3V are multiples of 1/4.
At two-dimensional torus, Z4 has multiplicity 2.

90 degrees




At T3, the fixed points cannot be distinguished by
Wilson lines, since Wilson line is numbers with

multiples of 1/3. Z(12-1) has humbers of multiples
of 1/12. So, numbers in 3V are multiples of 1/4.
At two-dimensional torus, Z4 has multiplicity 2.

90 degrees

Lattick shift

identifies




At T3, the fixed points cannot be distinguished by
Wilson lines, since Wilson line is numbers with

multiples of 1/3. Z(12-1) has humbers of multiples
of 1/12. So, numbers in 3V are multiples of 1/4.
At two-dimensional torus, Z4 has multiplicity 2.

90 degrees

Lattick shift

identifies

x*

So, we have two vABlrom T3.
Total 3 families.
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t quark and missing
partner mechanism



i
&2

For Yukawa couplings, we use just the effective
field theory approach. There may be other supp
factors which are assumed to be O(1).

t quark Yukawa coupling is, from ylABL T3,

T321T37T67,BEH (t m&SS).
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For Yukawa couplings, we use just the effective
field theory approach. There may be other supp
factors which are assumed to be O(1).

t quark Yukawa coupling is, from ylABL T3,

T321T37T67,BEH (t m&SS).

On the other hand, b quark Yukawa coupling is

1
212121 7
Y 13713 T3,BEHT3,BEH-
S
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JEK+D. Y. Mo + M-S. Seo, arXiv:1506.08984
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Since our theory is a GUT, we must realize the
doublet-triplet splitting. Some examples are

1) Kawamura’s 5D SU(5) GUT with Z2 fixed points.
2) Dimopoulos-Georgi fine-tuned SU(5)

ve 0 0 0 0

0 ve O O 0
W = M, 5Z,BEH5d,BEH+5g,BEH 0 0 v O 0 9d,BEH
00 0 —3v. O
3
00 0 0 —3Jv

with adjoint BEH boson, M, = gvc.
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1) Kawamura’s 5D SU(5) GUT with Z2 fixed points.
2) Dimopoulos-Georgi fine-tuned SU(5)

ve 0 0 0 0

0 ve O O 0
W = M, 5Z,BEH5d,BEH+5g,BEH 0 0 v O 0 9d,BEH
00 0 —3v. O
3
00 0 0 —3Jv

with adjoint BEH boson, M, = gvc.

Being GUT, we need to answer on the doublet-triplet
splitting problem.
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Drap) = <I>[45]_ c_)f Eq. (61) are essential

"‘UGUTF and maximal CP violation”, FLASY15@Mexico, 2 July 2015.

(I)[AB](I)[CD](I)[EF](I)[G]a a,nd/or

40/45




Qe

1

M
1

M2

GABCDEFG (I)[AB](I)[C’D](I)[EF](I)[G]a and/or

ABCDEFG (I)[AB](I)[CD](I)[E]< EF])( E,G]>’

Drap) = <I>[45]_ qf Eq. (61) are essential

This kind was already noted in 1980 in the
SU(7) model (JEK). The SU(7) UGUTF is the almost
unigue possibility for family unification.
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4.1s opyNs = £OckM ?

JEK +S. Nam, arXiv:1506.08491
JEK+D. Y. Mo + M-S. Seo, arXiv:1506.08984
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In our UGUTF with anti-SU(5) subgroup, the CKM and
PMNS matrices use W couplings.

dC
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In our UGUTF with anti-SU(5) subgroup, the CKM and
PMNS matrices use W couplings.

Uu
Uu
d* NV , 5 , e"l':

d e

L ¢
L (mass) 2 (mass) 2

o ? Y
These W couplings define the Via Uia
CKM and PMNS matrices. /%}.7 A
df WJ ef le'
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The CKM and PMNS matrices arise
when diagonalizing quark and mass
matrices. Quarks and leptons are
related here: 5-bar

U
U
& 0 4
d N y, y eL
d Ve
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The CKM and PMNS matrices arise
when diagonalizing quark and mass
matrices. Quarks and leptons are W -
related here: 5-bar g

d° NY

Using the bases where e and d masses
are diagonalized, only neutrino and u-
gquark masses are important.
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The CKM and PMNS matrices arise
when diagonalizing quark and mass
matrices. Quarks and leptons are
related here: 5-bar

d° NY

Using the bases where e and d masses Thus, CKM and
are diagonalized, only neutrino and u- PMNS matrices are
guark masses are important. related
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C1 5$1C3 5153
Veiom = —C251 e~ 10CKM 5953 + c1epcy —eTWCKMgyc3 + 109583
—e"‘SCKMsl S9 —C9S83 + Cq 82036"’50KM CoC3 + Cq1 3233615CKM

s; =sin; for 1 =1,2,3 J = C1C2C387S2S3 Sin(deltackm)
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€1 51C3 5153
Visen = —(C251 e 10CKM g9 59 | c1Cocy —e OCKM goca 4 oS3

CKM — | | |
—eWCKM g1 60 — (983 + €159C3€0CKM  (corg 4 159536 0CKM
s; =sin; for 1 =1,2,3 J = C1C2C387S2S3 Sin(deltackm)
& | 51C3 | 5153
VPMNS = —(CS1 e WPMNS Gy Gq + (1 CyC3 —e OPMNS Gy Oy + O CaS3

—eOPMNS G G (0583 4+ (155C3ePMNS Oy (g + (O S S3etOPMNS
S; =sin®; fori =1,2,3 J = CiC.C:S7S:S: Sin(deltaPMNs)
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€1 51C3 5153
V(g(KSM = —(C9 51 e~ 10CKM S$983 + C1Co2C3 — e OCKM SoC3 + €1C9S83
—eWCKM g1 60 — (983 + €159C3€0CKM  (corg 4 159536 0CKM

s; =sin; for 1 =1,2,3 J = C1C2C387S2S3 Sin(deltackm)

o | S1C3 | 5153
VEMNS = —C2Sy e TVPMNS Sy G5 010503 —e PMNS 5505 + C1C2S3
—ePMNS G Gy (0583 + (1 55C3ePMNS (05 (3 + (' SoS3ei0PMNS

S; =sin®; fori =1,2,3 J = CiC.C5S7S.S: Sin(deltaPMNs)

Even though si is not equal to Si, |deltaCKM| and |deltaPMNS| can be
equal. We may satisfy the following in this program

OPMNS =~ F0CKM

if CP violation is spontaneous a la Froggatt-Nielsen by ONE complex
vev of a SM singlet X. [JEK-Nam, 1506.08491]

JE Kim. "UGUTF and maximal CP violation”, FLASY15@Mexico, 2 July 2015. 44/45



Comments on Jarlskog determinant [JEK-Mo-Seo]



Comments on Jarlskog determinant [JEK-Mo-Seo]

‘There are three possibilities for 5CKM e ﬁ Y of PDG book.



Comments on Jarlskog determinant [JEK-Mo-Seo]

‘There are three possibilities for 5CKM e ﬁ Y of PDG book.

() Make Det=1 as in KS. Make the real part of
(22) element is very large as in many
parametrizations.



Comments on Jarlskog determinant [JEK-Mo-Seo]

‘There are three possibilities for 5CKM e ﬁ Y of PDG book.

‘ If 1st row = real, or 1st column = real

5CKM s (X
Kobayashi-Maskawa parametrization,
Kim-Seo parametrization

‘ If both 1st row = real, and 1st column = real, then
5CKM = 7Y :Chau-Keung-Maiani parametrization



Comments on Jarlskog determinant [JEK-Mo-Seo]

‘There are three possibilities for 5CKM e ﬁ Y of PDG book.

‘ If 1st row = real, or 1st column = real

5CKM s (X
Kobayashi-Maskawa parametrization,
Kim-Seo parametrization

‘ If both 1st row = real, and 1st column = real, then
5CKM = 7Y :Chau-Keung-Maiani parametrization

‘The identity 5CKM = Imaginary part of
V(31)*V(22)*V(13)* was very useful.
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6. Conclusion

1. Jarlskog det. is J=Im V»* V,* Vi:* in the KS form.

2. JcxnM is maximal.
3. GUT family unification in SU(7)xU(1) from Z(12-1).
4. Doublet-Triplet splitting is possible in anti-SU(N).

5. dpvns = ok Possibility with spon(i):aneous CP
violation (cf:T2K on deltarus= -90 )
6. Our model is free from gravity worries: from string.



