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Introduction
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Introduction

sin?(f19) = 0.307 & 0.013, sin?(fy3) = 0.539 & 0.02,

sin®(f13) = (2.20 +0.07) x 1072 PDG(2020)

: Tri-Bimaximal mixing: H. P. S. (2002)
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Family Gauge Symmetry: SO(3)

Representations

u Ve d
U = c |, v |, P =1 s |,
t vy b

7°/2: (T")pe = —i€ape- and A}, (a,b,c=1,2,3)
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Vexe = VJVD
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Family Gauge Symmetry: SO(3)

Representations

u Ve d
W=1c |, [ v |, P =1 s |, , (4)
t vy b
7°/2: (T")pec = —i€ape- and A}, (a,b,c=1,2,3) (5)
.g —
LD —z?feabC\IJaUv“\I/l[fAz + (U - D) (6)
g —
= ngV,WA;qJU + (U - D) @)
Vexy = VJVD (8)

In SM, V,, and V are not detectable. Only Vigy is physical.

)
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Family Gauge Symmetry: SO(3)

FCNC Coupling

AF = 2 Process: P — P Mixing

u CcC Uu @
(¢ = byu—dfs), (9)
" (e — s,u—d)
Cc u c u
AF =1 processes are suppressed by mixing. J
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Family Gauge Symmetry : SO(3)

The effective Hamiltonian for the AF = 2 processes,
Hers(AF =2) = HIL(AF =2) + HY (AF = 2). (10)

The H. is from the box diagrams in SM, while the HY, is from the new gauge
interactions,

HE(AF =2) = CP™Pac)y (ac)y + C3 = (Gacs)v (Gsca)v
+O1 T (ds)v (ds)v + O3 (dasp)v (dssa)v
+CP =B (db)y (db)y + CF =B (dubs)v (daba)v
+CP B (3b)y (sb)y + CF* P (5abp)v (35ba)v. (11)

At tree level, the Wilson coefficients are

i=1 z i=1
3 ;2 3 2
_ V’L - Vl
PP =g <Z4]1\22>’ PP = 2( 4]2\;2> (12)
i=1 ? i=1 ?

K-K B-B B;—B D-D
5 = (5 =0y 77 =0, = 0 at tree level.
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Master Formulas

P — P Mixing
H="Ho+Hw (13)
[¥) = a(t)|P) + b(t)| P) +Zci(t)lm> (14)
Weisskopf-Wigner Approximation:
.d [ a(t) | a(t)
Zdt( b(t) ) = H( b(t) ) (15)
H=M-—1i/2 (16)
s el (ilHaw ) (nlHaw )
Hiy = oy + {ilHow ) +ZP{ e e S
— MZ(S mo — En)(i|Hw |n) (n|Hw|j) (18)
AM = MH - L = 2R6\/ H12H21 (19)
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Master Formulas

Hyy = (P|Hest| P) (21)

The factorizations of the hadron matrix elements

(BI(V -~ A)(V - A)P) = =2mpfiBF(u),

. (22)

= 2
(PI(V = A)(V + A)|P) —3R(mmefpBs (), (23)
where the factor R = M?/(m, + m’q)2 and the M is the average mass of the P

and P. mgq and my are the mass of the quarks which are the components of the

meson. fp is the decay constant and B;s are the bag parameters which are unit in
naive factorization.

v
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Input Parameters

K D B

B,

Mp 0.498GeV 1.86 GeV 5.28GeV 5.37GeV

fp | 156 £0.8MeV 191 £+ 23MeV 220 + 40MeV 205

+ 10MeV

By | 0.571£0.048  0.87+0.03 0.87 £0.04 0.86 = 0.02

By | 0.562+0.039 1.46+0.09 1.91+£0.04 1.94+0.03

SM with above input (Refs. can be found in the paper)

AMj = (3.483 £ 0.006) x 10~15GeV. AMjg = 2.31277 55540485 x 10715GeV

AMp = (3.337 £0.033) x 10713GeV ~ AMp, = 3.48315:555%5

AMp, = (1.170£0.008) x 107"'GeV ~ AMp, = 1.2010:770-02

AMp = (1.4£0.5) x 107*GeV.  AMp = 3.8410-38+0.12

155 x 107 13GeV
x 107 GeV
x 107 18GeV
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Results

Result |
9
— —2
BV < 1.4 x 10719GeV M, > 27TeV (24)
97
—12 -2
M2 < 4.2 x 1071%GeV M, > 160TeV (25)
9
2 <1.0x10713GeV™2 My > 103TeV (26)
Result 1
AMp = 0.85T0 080037017 x 107 1GeV (27) |
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Family Gauge Symmetry: SU(3)

o (3(BTE) 1E-in) jE-R)
Fu=Fi% = L(R+iR) } (5% -~ Fg) LFps—iFy) | - (28)
L(Fy+iF5) % (Fs+iFy) -2 }

LD gitr (F“fbyFN*(I),’j + F o, 03 F,  + &, F,TFr o) + (DVFHTd)ij“T> . (29)

i Vo W
@,)=Vo+ [ Vo V2 1 (30)
Vo i Vo

v

Bao, Liu, Wu(2016)
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Family Gauge Symmetry: SU(3)

The masses of the five heavy gauge bosons are

My = 2gpVo, Mp=2gr(V§ +2ViVp +1V2Vp)"?,
Ms = QQF(%2 aF 3V2V0)1/2,
9 1/2
My, = f grVy"? <2V0—|—2V1+4V2+2\/4V2—2V1V2+7V2) ,
9 1/2
My = ‘[ grVy"? <2V0 +2V) + 4V — 2\/41/2 — 2ViVa + TV ) .(31)

And the masses of the three light gauge bosons, which are related to the SO(3)
symmetry, are

Mg = 2gp|Va — V1|, My =3gr|Va|, Mg = gr|2V1+ V2| (32)
1% Vs — Vi

Vo>Vo>Vi: Vl,rl——lz)\,rzz 2 L~oan (33)
Vo Vo
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Family Gauge Symmetry: SU(3)
The Interactions

i) gr

—

Ty (U FUE s, + Try (U FLUR)us]

+ g5 [y (P RO + dry* (U FuUR)dR)

—

g5 [e(US LU ex, + eny (UG FuUR)exr]

9rTL (UL F U )ve, (34)

Mixing Matrix Parameterization

UL =UL=U" Ul=UL=U",
Uz :UEZUQ, UZ :UI_/ :UTBa (35)

Uckym = UTU?, Upyns = UlUrp, (36)

o
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Family Gauge Symmetry: SU(3)

Mixing Matrix Parameterization

We can also assume that U, U¢ and U, have the same hierarchy structures as
Uckp and can be parameterized via Wolfenstein method.

= A AX3pe®
Uckm ~ - 1 AN? +0(\.  (37)
AN (1 — pe'?) —AN? 1

For the mixing matrix in up(down) quark sectors, we have mixing matrix U%(U4)
with the parameters A, A, p, d replaced by A, Ay, pu, 0u (Ad; Ads Pd, 0d).
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AF =2: K — K mixing

HEY = Ck(5y,d) ® (3y*d) + H.c.. (38)

Here we treat A4 as a small parameter and get the coefficient in Eq.(38) to the
order of 2. At higher order the heavy family gauge bosons’ effects should be take
into consideration. The coefficient Cx is

1
Ckx = E[FK(VIa Va) + G (Va, V2) AaXj] + O(AY), (39)
where
1 1 1
Fr(V1, V5 = —.
k(M1 V2) 6(Va—V1)Z " 3@n 1 V)2 | 0V
1 2 2
Gr (W1, V2) (40)

3Va—T)Z T 3@B 1 Va)?  OVZ
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Family Gauge Symmetry: SU(3)

Fr(V1i, Vo) f2 Mk

(RO = M [y o).
1 fie M fie M
_ 1+ 2R(p)] > . 42
Fre(ViVa) — D3amnes L T 2R > g0 or (42)
Results |:
PO - PO [Ammeson]PDG Mmeson fmeson ‘/1 2
K=K | (3.483 £ 0.006) X 10~ 12 197.6 36 £ 1.2 7.0 x 107

D-D (1.571939) % 10~ 1864.86+0.13 206+ 11 8.4 x 107
Bq— By | (3.337£0.033) x 10710 5279.58£0.17 195411 2.9 x 107
B, — B, | (1164+0.5) x 1071  5366.77+0.24 243+11 0.7 x 107

Vi > 69.8TcV, V,>209TeV, V> 317TeV. (43)

o’
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Family Gauge Symmetry: SU(3)

Result Il. AF =1

Br(Kt — 7tvp)|nyp =~ Br(Kr — °vp)|nyp < 4.6 x 10716,
Br(K* — n7vo)|sp = (1.5733) x 10719,
Br(Kp — 7°vi)|sy = (2.6 £1.2) x 1071
Br(p— e ete™) <4.1x 10716,
Br(p — 3e)|sar ~ 10756,
Br(u~ — 3€)|gap < 1.0 x 10712

44
45
46
47
48

(
(
(
(
(
(49

~— ~— ~— ~— ~— ~—

v

Refs. can be found in the paper.
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Family Gauge Symmetry

Something missed: Lepton flavor violation process

e
u e

ﬁ“

>< C u

¢ H A Favored (50)

e Not Favored (51)
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Summary

@ Introduce a new gauge symmetry or interaction
o AF =2 at tree-level
e SO(3):
» New Physics scale Apanity ~ 100TeV in addition to Aqep ~ 100MeV and
AEW ~ 100GeV.

My > 27TeV, Mo > 160TeV, Ms > 10°TeV. (52)
» Consistent result for AMp
AMp = 3.8415 354012 » 107 '8GeV (53)

e SU(3):

» AF = 2 gives constrains to the vev
v > 69.8, w2 >209, wvg>317 (54)

» AF =1

@ Lepton number violating channels to be considered.
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Summary

Introduce a new gauge symmetry or interaction
AF =2 at tree-level
SO(3):
> New Physics scale Apanity ~ 100TeV in addition to Aqep ~ 100MeV and
AEW ~ 100GeV.

My > 27TeV, My > 160TeV, Ms > 10°TeV. (52)
» Consistent result for AMp
AMp = 3.8410355101% x 107 '5GeV (53)
e SU(3):
» AF = 2 gives constrains to the vev
v > 69.8, w2 >209, wvg>317 (54)

» AF =1
@ Lepton number violating channels to be considered.

Thanks for your attention
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Buckups
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The particles in the model

Fields Representation
u,c,t
o 3r,3¢c,2,, (1
(d787b>L (3r3¢: 20, (1/6)y)
SM fermions (w,c,t)r (3r,3¢, 11, (2/3)y)
(d757b)R (3Fa3031L7( 1/3) )
e’/’l’77—
1,2 1
(Lo, ) | e i)
(e, 1, T)R (3p, 1o, 11, (—1)y)
SM Higgs H (1r, 10,21, (1/2)y)
U (3 3C51La(2/) )
. D (3r;3c, 11, (=1/3)y)
New fermions
E Br,1c,11,(~1)y)
Ng (3r,1c,1,0y)
D1, Dy 8r,1¢,11,0y)
New Higgs b, (6 e, 1, Oy)
d)s (1F31031L;0Y)
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The Lagrangian of the model

The field strengths of all gauge fields, including the SU(3) family symmetry, are
defined as

F/,(ZV = 8HA%'7V - 8VAGF7M + gFfabCA%,pA%m?

G, = .G —0,G + g [ GG,

Wi, = 0,Wg—0,Wi+ gue™WiWS,

B,, = 0.B,—9,B,. (55)

We define the covariant derivative as

D, = 08,—igrA%, T —igG, — guW, +ig,,Y B,
= DM —igpA} T (56)

The full Lagrangian is

L=Lc+Lr+Lyg+ Ly + Ly, (57)
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The Lagrangian

Lag

Ly
Lu

Ly

Ly

1
=7 (FLF 4+ G GO + Wi, W + By, B'™)

Ur,rivV'Dyur g + dr, riv*Dydr g + €1, riv" Dyer,r + Vriv" Dyvr,
EDH - V[H7 (bh (1)27 (I)Va ¢S]

(DSMH) (DPSMH) 4+ Tr (D@1 (DP®1)1) + Tr (D, ®5(D"®5))
+TI’ (DH(I)V(DH(I)V)*) + au(bsau(bs - V (H7 (Ph CI)27 (I)ua ¢s) .

YrIHU + y%uipdU + %U(A({ o + AV D,)U
+yTHD + y4drosD + %E(Af’fbl + AD®,)D
+yflHE + yGergs E + %E(Af@l + AF®,)E
+yYIHNR + %g”NRq>VNg +HC.

iU (0p — 195Gy — igr A%, T)U +iDy"(9, — igsG ) — igr A%, T)D
+iEy"(8, — igr A%, T*)E + iNpy* (0, — igr A%, T*)Nr.
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