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1. Introduction

Quark and lepton flavor dependent U(1) gauge symmetry

m) Providing rich phenomenology

gum—

Lepton flavor violation (LFV)

Neutrino mass structure

- Collider physics

Lepton flavor non-universality in meson decay
Etc.




1. Introduction
Recent interesting observations on B decay via b—sl*I~

»» Observation of some anomalies in B—>KOI*|-
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1. Introduction

O Angular distribution in B—>K*u*y- (K*—K1r)
[S. Descotes-Genon et al, JHEP 1301, 048 (2013); LHCb JHEP 1602, 104]
The deviation in anqular distribution
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1. Introduction

<> The relevant effective interaction terms

4G, & ) {C9,C} : Wilson coefficients

H' D- V.V
off \/5 (4.71')2 th’ts

X [Ci (Ey“PLb)(l_yMl) + (Ci )'(Ky“PRb)(l_yul) +C (iy“PLb)(l_yMysl) + (Cf0 )‘(iy“PRb)(l_yMysl)]

Global fit for b—sl*lI~ observables assuming NP

' [LFu

| B.Capdevilaetal. JHEP|01 (2018)093 | L
"2 A deviation from SM

% Indication to BSM from global fit: C*") ~ -1




1. Introduction

< Model with extra U(1) gauge symmetry

The effective interactions can be induced via Z’ exchange at tree level

\)

JT gsbg‘u

CM(Z') ~
’ L2V.ViaG, m>
th " ts F Z'

b u

v Flavor violating coupling in quark sector

» SM quarks have flavor dependent charge under extra local U(1)
e.g. [A. Crivellin, G. D’Ambrosio, J. Heeck, PRD 91, 075006 (2015)]

» SM quarks mix with exotic quark with local U(1) charge
e.g. [W. Altmannshofer, S. Gori, M. Pospelov, I. Yavin, PRD 89, 095033 (2014)]

» Loop induced Z'qq’ interaction via exotic particles
e.g. Seunwon Baek arXiv:1707.04573
v' Lepton flavor non-universality

» U(1),, (-like) gauge symmetry works




1. Introduction

< Model with extra U(1) gauge symmetry

The effective interactions can be induced via Z’ exchange at tree level

s u
CHZ) TT 884
: \/EththOCGF ms,
b U
e )
In this talk we discuss flavor dependent U(1)
for both quark and lepton sector 015)]
\ U(I)BerLM—err /(2014)]

e.g. Seunwon Baek arXiv:1707.04573
v' Lepton flavor non-universality

» U(1),, (-like) gauge symmetry works
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2. A model

SM fermions + right-handed neutrino under U(1)y

Fermions|| Q% | u% | d% | Q3 |tr |br | L} | L2 | L3 |er |ur | TR | vh | VE | vy
SUB)ec | 3 |3 (3|3 |3(3(1 |11 |1 1|11 1/1
SU)f| 2|1|1}2|1|12}2 2111|111
owy | 4[5 ]-4[ 4|3 [-4[-4[-4]-4[-1]-1[-1] o]0 o
UDx || 0| 0|0 | 5 |%5]|35|0 |—zu|—2r| O |—zp|—2,| O |—24|—2/

Anomaly cancellation condition: X, +X, =1

. 1 4
We fix the charge as x, =-—, x =—
3 3
Fields || @1 | @2 | 1 | 2 || X
su@yull 2 12111 Scalar + DM candidate (Dirac fermion)
Uy || 3 |3 |0]0]0O Two-Higgs doublet + two singlet scalars
U(l)X _% 0 % 1 % VEVs: <(D1,2> =V, /\/5, <(p1’2> = V(Pm /\/5,




2. A model
Yukawa couplings and mass for quarks

—Lg :y;}Qz’L&)QUjR + yngz’L(I)ZZde + Y33 Qa3 Dot g + yénggL‘I’sz

+ ?]&Q:%L‘i’wm + gngiLd)le + h.C.,

(@12)=wa/ V2 { /U?y?l veyia 0 vayty vayfy V17
M* = — | vy voy%, 0O ;M= | veyd, voyd, vy

- NG 2Y21 V2Y22 NG 2Y21 V2Y22 13/33
\Ulygl V1Y3y V2Y33 0 0 wvayss

Mass matrices are diagonarized by ur p — Uz,RuL,R(dL,R — DZ’RdL,R)
When elements with v, are much smaller than those with v,

VCKM ~ DL’ DR (UL) ~ ] e.g.[A. Crivellin, G. D’Ambrosio, J. Heeck, PRD 91, 075006 (2015)]

- Left-handed quark has flavor changing Z’ interaction




2. A model

Yukawa couplings and mass for leptons
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2. A model

Yukawa couplings and mass for leptons

—L O vy Larear®s + vy Larvar®s + §5o L1 pr®1 + 95, Lo p®:

+ Mviguir + YoV prore] + Yastyptarps + hec.,

Neutrino mass  (®,)=v,,/v2, {(g,)=v, /V2,

Dirac mass matrix Majorana mass matrix
(Mp)11 0 0 (Myp)11 (Myp)i2 0

Mp = | (Mp)a1 (Mp)az 0 , My, =| (M) 0 (Myy)2s
0 0 (Mp)ss 0 (M,,,)32 0

4 )

m, ~ —MpM, M},
(Mp)3, (Mp)11(Mp)21 _(A"'ID)ll(A‘ID)33(A"IUR)12
(Mo )11 (M, g)11 (M, )11 (Mo pp )32
_ (Mp)11(Mp)a1 (Mp)3, (Mp)33(Mp)a22 (1 _ (MD)m(MuR)m)
N (Mo )11 (Myp)11 (Myp )32 (Myp)11(Mp)a22
_ (Mp)11(Mp)ss(Mup)i2  (Mp)ss(Mp)22 (1 _ (Mp)21(Myp)12 (Mp)2; (M )3,
(Myp)11(Mupg )32 (M, ;)32 (Myp)11(Mp)ao (]bI,,R)ll(J\f‘I,,R)g3

\_ J




2. A model

Flavor dependent Z’ interaction

» Quark sector

DiyeZ), + 25 (A PdsTlh + dur* PrdsT'et) Z,

3 3 K
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» Charged lepton sector
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3. Phenomenology

Co(M) from Z’ exchange
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3. Phenomenology

Constraint from B, — B, bar mixing

¢+ Effective Hamiltonian

H,;; = Cy(5v*Pub)(57,Prb) + Ch(5Prb)(5Pgb)

1 g2r d / —1 n \2
C; = =X _(T%)? Cy = (I's)
1 9 ngZI ( sb ) n=§,;—1,A 2771727
From Z’ exchange From scalar boson exchange (I',, : Yukawa coupling)
~ Amp
Rp, = ——==
Be Am%ﬁ"f
2 (VaV,5)? . :
~ g.X( tb2 ts) (82 % 1075 Tev—Z)—l
- - ng/
. 200 GeV)? (200 GeV)?
- [0.12 cos’(a — B) tan? B + 0.19 tan* 3 (( 28 ) - ( 26 ) )]
mH mA

It is compared with experimental bound: 0.83 < Rg_ < 0.99
P. Arnan, L. Hofer, F. Mescia, A. Crivellin, JHEP 1704, 043 (2017)




3. Phenomenology

Constraint from B, — B, bar mixing

v" When we obtain C¢(Z’) ~ -1, Ry, deviate from experimental bound

v’ Scalar contributions are necessary for compensation

Required scalar mass region

200 T 1] ’
L .'l "'
tanB = 10 ;o
cos(a — B)~0 '." '."
I 'l' l'
15 0 [ :" l" ]
’ ’
r l' " ri

mys—my [GeV]
|

.’
o’ . *
oooooo
*
L d

100+ ; R
Q ’ *
o @ 0 *
L AR o R4
RN R ” R4
Q .
RA G 4
QT . o*
DR 0 o’
o o’ o*
* o4 . .
L o L . .
R o *
e e e
L ¢ o * PS —
. .
" . o’ .
* . Pid

R
.
L d

*

* i d

o*
"""""""""
;;;;;
.

» -® .
LS . -
. L d - -
- -

" mmnninie” Preliminary |

400 500 600 700 800
mu[GeV]




3. Phenomenology

LFV constraint

LFV Z’ interaction induce y—ey decay

Z‘
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H—ey — 16 |aR|
1
€GY ) 2x(1
ap ~ eeg/\rr;# drdydz6(1 —z —y — 2) z(1+y)
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 Tusey 120
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3. Phenomenology

Z’ production at the LHC

[ATLAS Collaboration] JHEP 1710, 182 (2017)

[CMS Collaboration] JHEP 1702, 048 (2017)

Preliminary Preliminary
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0. 09
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v Z' is produced via Z'-quark coupling

v" Dominant decay mode is tau pair mode

v The strongest bound is from mu pair mode




3. Phenomenology

DM relic density

Relic density is obtained by DM DM — Z' — ff
DM DM — Z'Z
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Relic density is estimated by micrOMEGAs
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The region is consistent with collider constraint for m,. > 1000 GeV




Summary and Discussions

O A model with flavor dependent gauge symmetry
v' Introducing U(1)g3 _x, Ly _xrLr 9auge symmetry
v" DM candidate is introduced: Dirac fermion with fractional U(1) charge

v Neutrino mass matrix from type-l seesaw mechanism

O DM physics
v B—KOI*I- anomalies can be explained by Z’ interaction
v" Flavor constraints are considered
v' Z production at the LHC

v" DM relic density is explained by Z’ interaction
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Higgs potential

V=p(®]®ap} +h.c.) + pif; |01 + pds|Baf” — 122, 1 |* + 122, |ipl?
A Ao
+ §1|‘I’1|4 + El‘l’zl4 + X3| @1 2| @2|% + Ag| @I Do |2 + Ay |1 ] + Ap| 2]

+ 2010 91120117 + Aoy [ D2?[01]° + Ay 0| @1 [*[02]° 4 Ao | B2’ |02|* + Agyialpn [P 2]
— Ax (Pl + h.c.) (I1.11)

1 <¢1’2> =V, /\/5

Varrpn =mi|®;|° + mj|®,* — (m%(lf{db + h.c.)

A A
+ 2H@ 1+ 220" + Mgl @1 2| Bal? + Na[ D],

1 1
2 2 2 2 2 _
Mi(2) =Hi1(22) T 5’\‘1’1(%‘?1 Uy T+ 5’\‘91(2)902%2: Mg = E#%l

Two-Higgs doublet type scalar potential




Yukawa interactions with Two-Higgs doublets

cosae p cos(a—pf) = -~ ([ cosa  cos(a B)
- — u —d h
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v (U tan 3 \/—sm )uR L (vtanﬁ \/58i11,86 R

- B V2 1 ~ +
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