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Anomalies

Fermilab

muon anomalous magnetic

dipole moment

a, =(9—2)/2

4

_ qezp _ ,SM
Aay, a;’? —a; 4.20

= (251 £59) x 107!

Phys. Rev. Lett. 126 (2021) 141801

e
LHCb

b — Siift induced anomalies

k' — BR(B—Kete™)

<

Rk = 0.84610 00015 3.10

¢ € (1.1, 6)GeV?

arXiv:2103.11769

New physics beyond the SM




N
{ (g — 2) " involve muon
b — spip 2nd-3rd quark mixing

Model with new gauge interactions

U

Gauge anomaly free U(1);,_;, U(1)p_r

U E

Flavor changing Z' interaction




Flavor changing Z' interaction

e A

1. New type of quarks Phys. Rev. D 89 (2014) 095033

2. Non-trivial U(1) quantum number
Phys. Lett. B 774 (2017) 643, arXiv:2103.13991,

Eur. Phys. J. C 81 (2021) 56, Phys. Rev. Lett. 114(2015) 151801
3. U(1)-U(1)y kinetic mixing
Flavor specific U(1)g,,, gauge model

Only act on the 2nd generation of fermions in weak basis

B,=By=1/3, L, =1
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Components

AT
Gauge group SU(3)c x SU(2)r x U(1)yxU(1)p,-1,
gs g g g

Components H = (1,2,1/2)(0)
Qr = (Qr,, Qr,, Q1) = (3,2,1/6)(0,1/3,0)
Ur = (ug,,ug,, ugr,) = (3,1,2/3)(0,1/3,0)
Dr = (dg,,dg,,dg,) = (3,1,—1/3)(0,1/3,0)
Ly = (Ly,, L, L1s) = (1,2,-1/2)(0,-1,0)
lr = (Ig,, R, lgs) = (1,1,—1)(0,—1,0)
vr = (VR,, VR, Vrs) = (1,1,0)(0 —1,0)




Interaction with fermions

e A

~ 7" Interaction Lagrangian
Ly = %g (QLQW/MQLQ + ﬂszﬂuRQ + dRQ/Y”dRQ) Z/,L
—§ (LrsV" Ly + lpoV* gy + VpoY'VR,) Z,

Yukawa Interaction and RH neutrino mass term

—Ly —mass = QLYURH + QLY D H + LiY}vpH

—|—EL@RH -+ %D&@/R + H.C.
Yﬂ 0 Y1]; ‘ My 0 Mis

Yi=| 0 Y, o0 Mp=1| 0 0 0
Y. 0 Y Mz 0 Msg




Quark mixing

g L

< H >= vo/\/§ ‘ My = Yévo/\@—x—’ Viu, Vearns

4

Introduce another new scalars
{Doublets H{] : (1,2, 1/2)(1/3),H§ : (1,2, 1/2)(—1/3),
Singlets O1 : (1,1,0)(1), 52 : (1,1,0)(2)

4

New added quark and neutrino interactions
—Qr( Hung + YﬁgHg)UR — QL(Ygng + YggHg)DR
—%D&(Ygl Sl + YS2SQ)VR + H.c.

Backup




Mass matrix

Quark{MU: % i \}YU \/_ gq’
_wyd | Yiyd o Y3yd
H/ Ma = 7Y+ AV + FVng
< H; >= =&
V2 V — vyl Vo — 0 Mp
\ v O\ Mp Mg
Leptony |1/, = (v, /\/i)Yﬁ

No charged lepton mixing ‘ New doublets

Other constraints Generate mu-tau mixing




Lepton mixing

| | ans—"N IS
Doublets Hl : (17 27 1/2)(1)7 HQ : (17 27 1/2)(_1)7

New added charged lepton interactions

— (ZL(Y;HFI{ + Y;Iéﬁlg)uR + LL(Y;HH{ + Y;IéHg)ER) + H.c.

0 0 0 [ 0 i 0 \
Yy, = Y}ﬁl 0 Yffg% YL =[0 0 0
0 0 0 \O YIZT%Q 0 /
[0 Y42 0 0 0 0
vve — | 0o 02 0 vi |yt gy
HY — ) HL H] H)




Lepton mass matrix

/\”\ﬁ ﬁ o
M; = %Yy Modify Ml:%Y]ng”lelHL"}Y
MD:%YIg‘ MD:%Y§+\"}YVZ+I .

Diagonalize mass matrix
My =V{ITMVE L M, =V TM, VY
Vienr = VIV Veuns = VEVES
Mass-squared matrix (No Z-Z' mixing) vl’l — vg’l
2 /12
miy = (0 + (01)7 4 () + (1) + (v3)?)
3 = Gk (W12 + (D)%) + (0)2 + (vh)? + 0, + o)




Z.''-q/l interaction in the mass eigen-state

The simplest case [Ny = dzag(() 1, 0)]
Lmt F = % (ULVLNQV ’Y’MUL + URVRNQV ’)/'MUR

+D VANV 4Dy, + DRVEN, Vv D) Z!,
—G(LLVENV il + TVENo Vi y#1R) Z,

t VL122:1

The general case positive g-2

Lint—sb v = = (/_W“N + (Vi V) 32) Z,

((VL 22VL 5o ) VT + (VL 32VL "2) 7”#) ZL

%9 (VEn Vi€ D) Z, Lu for €,
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e —N

Aa, = (251 £59) x 10~

2 2
g CAa = T (V] Vi) fo dx
v (Vr 32V1l,*32)<$_"72)($+2n?—;_2) | (VI{ 22Vlljkm) 2(1— ac)-
mﬁxQ—I—mQZ,(l—a;)—l—(m%—mi)x | mﬁxQ—l—mZ,(l —) _
gk &> My IV gol? = 1= [V} 5
32 _ 4an? Bay) )
2 - 2 o
R A [ T
{IVngzl = | G2 /m2, = (2.66 = 0.63) x 1075 GeV
V] 90| = 0.15 §2/m2, = (2.50 & 0.59) x 107° GeV ™




b anomaly

g L

Effective Hamiltonian
Hepy = _% (VE2Vits2) (Vi 9aVise) (B briyun)
b s Standard form
Z" Hepy = _(GFO‘em/\/éW)V;bV; Zz
e ) Oy = SLy 0Lyt

Co=—080£0.14, 5,70  Cpev = Y28 (V} .Vl ) Vil

arXiv:2103.13370

{VLl 2| =1 = (—0.46 £ 0.08) x 1077 GeV ™2
Vi, =0.15 = (—2.04 4 0.36) x 1076 GeV 2




e TTIAI g




y AE=m

o ky
1/ S o 4+, —
) v, N = v, Nyt
1
- O'CCFR/O'SM — 0.82 + 0.28
T
PhysRevLett.66.3117
. c > N Suppression factor
2~2 4 ~
1+4s2,, ) 255 +4” i (i Vi )2
NP 1 ( W) m2, mi, \ L2271 22
oSM T 1+(1+4s2, )’
+(1+4s%, )
decrease

Vig| =1 )|V} ,,| = 0.15 W) Weaker constraint




LFU of Z coupling

gve

v
gvv

: |
7' — pp, 7' — vy wmm) Loop effects

=2
oo (D) 1+ i @ Ve ()

Suppression factor
2

2 %kF(meZ/mQZ')

JHEP08(2011),088

gVI/ ~d gAU ~Y 1 | g
— —_ |
gve JdAe (47T

= —0.03817 £ 0.00047, gs. = —0.50111 4 0.00035
= —0.0367 £0.0023, g4, = —0.50120 £ 0.00054 Strongest

= g4, = 0.5008 & 0.0008 9./ 94 = 1.00018 £ 0.00128
decrease

Vipl=1 mm)y |V],/=015 mm) Weaker constraint




-

LHC direct search

Di-muon pair production

e A

Resonant Z' vector bosons decay into different final states

ATLAS : 150 GeV < myz <5 TeV

Excluded space
PV CMS - 200 GeV < my < 5.5 TeV
arXiv:1707.02424 [hep-ex],arXiv:1803.06292 [hep-ex]
Vi, =1 Exclude all mz > 150 GeV
V!, =0.15 Allow to exist m > 150 GeV

z
VL 2]
The Suppression factor opens more parameter space




S pans— 0
BS o BS
- d d* 2 —1
My _ 1 7> (VEa2aVi%s 99°6o) So ~ 2.3
MiSQM I mZZ’ ‘/tb‘/tz 167'('2'02

arXiv:1008.1593 [hep-ph],arXiv:1211.1896 [hep-ph]
~ d d *
g ViV

_ 39 M 1) 9
My ViV 4o MfQM 0

Mo /M5 = 0.959T507s & Combine C,

g _ 4Graem —C9 1

— [
O\ 3/5M —

12
Vil =1 G/mz > 1.08 x 1074
Vi 90| = 0.15 : G/my > 4.81 x 1073
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Bs mixing
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U(1) Kinetic mixing

aas—a
U(1)y-U(1) kinetic mixing (1/2)06"7.,,, |6 < 1

B = cosbyw A —sinby 2

Mixing of mass eigen-state

Z™ \ [ cos§ sin A
Z"™ |\ —siné cosé A

2m?% 8 sin Oy /v 1—62

(m?%,62 sin” Ow+m7,)/(1-62)

4

2 .
5 _, m7osinOy
S/

2 _ g
mZm

tan 26 = —
mZ—

Z/




Interaction terms

In the mass eigen-state
Lijpy = JE AT

em* L
S0 cosf S¢0sin 6 1 S L
T (_ 5, /1_52W ']gm + (Cf | 5,/1_52W)JZ | 1/1552 J /) Z/Zn

ced cos 0 ce0sin 0 L c L

ng — _leffY'uf
Current Jy; = —(g/2cos HW)J?V“(@—@%)JF

g{/ — I:{ — 2Qf sin? Ow, ga = ]g
~ [ [ % —
Jo = —Q(VL 20 V] 22)#7“#




Kinetic mixing effects

g L

g-2

First order correction

Aamz’xing (5) — 0

!

Second order correction

=2 m2 m2 .
g ™My Z 252 in2 Ql1/1
472 mz’z<m22—m2zf) 0% sin” 0|V o

X [VE (22 = 2) + 3VE

4

Neglect

b anomaly
b7 — 7 — 7" — Z'un
~ [ [ %
O = 2 cos Oy L2V iz)

28
L CO(m%/m%/V)

mZ—mZ,
my € [100,600]GeV

4

CloP = [—1.745, —0.050]




Conclusions

PaaS " o

1. We construct a flavor specific gauge model to explain

muon g-2 and b anomalies simultaneously.

2. The original Z’-q,/1, interaction in weak basis can
develop mixing in mass eigen-state basis.

3. The introduced substantial mu-tau mixing induces the
suppressed factor VI, ,, to make other processes satisfied
so that some viable paramater space emerges.

4. The model can be tested at a high energy muon collider.
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Yukawa coefficients

ans—— 5 0N

0 Y¥2 0 0 0 0
vi=[o0 0 o) va={ve o v

0 Y2 0 0 0 0

0 0 0 0 YH? 0
v = [ vir o v | ovi= (0 0 o

0 0 0 0 Y2 0

0 Y 0 0 0 0
Vo= | Y22 0 Y2 |.ve, =0 v2 0

0 Y3 0 0 0 0
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e H H

L N =

2{1




