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BR (BT — Ktu*tu')

= (.745
BR (BT — Ktefe' )

BR(B — K*utu~) [ 06605570 £0.024 (2m,)* < ¢* < 1.1GeV?
- BR(B — K*ete) | 0.685; 3888 £0.047 1.1GeV? < ¢? < 6GeV?
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SM penguins are universal




7 models

Typically small so 7 mass in LHC range
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Flavourful Z' models

Representation/charge
SUB)c SU@)L U(d)y U (1)’

Representation/charge
SUB): SU2)L U(Q)y U(1)

Three families of Vector-like fourth family with
quarks and leptons non-universal U(1)’ charges
with universal charges g1 = Q2 = q3 7 Qu

When U(1)’ is broken, mass mixing of the
four families leads to Z’ flavour violation

This mechanism works for any Z’ model



Q; Q) (4 ()4

Universal Non-universal
qi =1.,2,3 g4 = Qi

A 7'

Qi i Q~4 MQ (D4

B N A———

Light quarks contain admixtures of non-universal ()4



/ /
Qa Qﬁ
Non-universal and

flavour changing
couplings

After mass matrix
is diagonalised

Q) =V, @
" Z"

non-universal
charge matrix

Dg = diag(qi, ¢2, q3,94)

/
Three light quarks Qa:172,3 contain some Q4

One heav ! ~ 00— ~
! Q! =4 MZLQQ/ZLQZL

vector-like quark
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4x4 mixing matrices
VQ?‘/U?‘/CHVL)VG
non-universal
charge matrices / /
DQaDudevDLaDe Z Z
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SO(10) GUT model

Broken at TeV scale

Broken at GUT scale
165, — (10,1); + (5, —3); + (1,5);

Three families of
quarks and leptons

10r — (5,-2) + (5,2),

45 — (10, —4) + (10,4) #(1,0) + (24, 0)

TeV scale vector-like
fourth family with
non-universal charges

GUT scale masses
splitting requires 2104
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Flavourful Z' from SO(10)

Representation
SUB)c SU@)L U@)y U@@)x

Representation

SUB). SU2)r UQ)y

—_ = = O O WO

Three families of quarks
and leptons

with universal charges  Vector-like fourth family with
S BRI  non-universal U(1)x charges
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+ other quarks and
leptons

0/

(Dg)i = (Vo DoVo, i

» T other quarks
and leptons




SO(10) for RSFKK<L§°6'°“°°

Assuming only (934 and - 174 Nhon-zero

Universal

Gpy = (S??4)2(Vd!L )32
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SO(10) GUT model

Singlet for inverse/ COntinued e

linear seesaw

|J.1|2: + m1010,2: + m4545,2:

+ y116|2: al0y
+ Y116 alr éEH + Y516 alOg al6y + Y316¢ a45¢ é.EH

A 4 4

Singlet-neutrino Quark/lepton mixing with
couplings vector-like fermions
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Inverse vs linear seesaw
m"v 1y | (VL’M VRZ? Siy V4, VR4)

|74

mlln | Y1Vu UL .I O ylvu Ylﬂ_ O Y2VR
R ylvu O Yior O Y2V|_c/

M, Ylﬂ_ Y190R L O 0 :'

# 0 O 0 0 mp¢
YzVR Y2V|_ O M 10 0

164 ! (10" 1)y + (5,34 +(1," 5)H
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Lepton flavour violation

1
Br(p — 3e) = i !?2)2(5'1-4)4 :

g!4|v|\jlv
KM 7

i)z (3.2.103 GeV)4

3* M~



Crispim Romao, SFK, Leontaris (in prep)

F-theory Z' models
= =

Higgs | 1
SU(9)cut X SU(S)Perp

Higgs |
SU(5)GUT X U(1 )4Perp Heckman, Tavanfar,Vafa

Flux l Z> monodromy

SU(3)xSU(2)xU(1)y x U(1) perp
Singlets |

on unlversal
SUBXSU@)XU(1 )y xU(1)0)
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F-theory Z' models

Three chiral families with non-universal Z’

Model 1: (Hu)z,_+(Hd). 2,_+3$ 51 +2$ 10 ;+103]_

15 15

Model 2: (Hu)l +(Hd)| 11 +2$ 521_+ 5. 7yl +3$ 10 Lyl
11__+(2L+dc)! g,_1__+2$1(),
10 210 '

Model 4: (Hu)s. +(Ha), 3.

Model 3: (Hu)g,_l__ + 5! ;11_

Example 1: (H,
Example 2: (H,




Conclusion

Rk motivates non-universal Z' models

Any Z’ model can be made non-universal by adding fourth
vector-like family with non-universal charges which mixes

We studied an SO(10) GUT example with U(1)x at TeV and
a vector-like family coming from 45¢ and |0

SO(10) GUT for Rk requires Z' near 3 TeV LHC bound
with mu->eee near current bound 10-'2

SO(10) with U(l)x at TeV requires inverse/linear seesaw

F-theory for non-universal Z' with optional vector-like family






