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Angular correlation in Z’ to ZZ

With Low and Shu;
arXiv:0806.2864 :”

FIG. 1: Two decay planes of Z1 — €1£1 and Zo — f2f> define
the azimuthal angle ¢ < [0, 2] which rotates f2 to £1 in the

transverse view. The polar angles 01 and 02 shown are defined
in the rest frame of Z1 and Z2, respectively.

Ocpv = faZl(0,2") 2" .On = fset?° Z,,2,(0,Z0)
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Universal Angular dependence
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Amp. Squared sum
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Ang. Integrated Oscillation
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SM Z Z background 79 tb

For 100 fb~! luminosity at the LHC, if we require the

ratio of the signal S to the statistical error in the background v B to be 5
we need a o(ZZ) about 70 fb for a 240 GeV 7’ .

In the Littlest Higgs Model with T-parity, the predicted
total cross section for T-odd particles, will be 1.3 pb.
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Models of CP violation

6 = 6y — Arg[Det( M My)]

« Extreme fine tune at tree
e finite start at 3-loop
* infinite at 7-loop
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H-CP

Simple Charged Higgs Model of Soft or Spontaneous CP Violation
without Flavor Changing Neutral Currents

David Bowser-Chao.' Darwin Chang.>® and Wai-Yee Keung'
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HA =1 = (Gr/V2)C(ET (1 + 45)d) x Y (qT*v"q)

q

At the electroweak scale, the Wilson coefficient is

2 .
= 1iG g mu Mg,
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F(h) = [(Qh —3)h2Inh  T7—29h+ 16122]
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€ /e = —1.9 x 10~°Tm( A4/ (0.058)) R

— +1.9 % 107° (\/(156F)2 + 1 — 156F)2 R /V2
Therefore the present experimental value of €' /e does not favor the above sim-
plified scenario of lightest-Higgs-dominance (ms > my). On the other hand, if
we let the two charged Higgs H 1i2 have comparable but not degenerate masses,
it is possible that the three amplitudes in Eq.(9) cancel each other (even com-
pletely) for certain large complex couplings &,; and &z (3> 0.058). If such
modest fine tuning of parameters is allowed, one can easily boost up the value
of € /e to the recently measured value as will be discussed in more details

8 .
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B Physics 1 —p—in| =1.01+0.21
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CKM-like and 2-loop O
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MiXiIlg In the limit of (H) = 0, dy, quarks decouple

the reduced mass matrix of a size 6 x 3 ) S o
find a 6 x 6 unitary matrix V
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Loop, hermiticity
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Texture

May 15, 2015

If we impose a discrete symmetry under which «, d and
all o4 ¢, H fields are odd, while U and D are even, we
have

ha=0, gps=0, gpa=0.

I ta + gas(®s) + igaa(da)
;\.[6 .

0
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' g g ’ = |CB — DA| , provided CD = DC
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Matrix property ' i g ‘ = |B - A|# |B| - |A|
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Glashow’ s model on triangular matrix
three Higgs doublets, H ). Hy and

F(Hy) =k, F@u)= (i) vy
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Quark Mixing

Voo €19M 4 €51 MMy €12 €51 My
2= 2 2 T m2—m2 T m m?2
‘s d ‘c ‘u 'S c

Voo — €236 €30Mec €23 €391
BT M2 _m2 m2—_—m?2  m m2

Viw — €13Mp €51y €13 €31,
B2 - m2 m2—m2 | m m2

It is clear that the down-quark mass matrix provides
the dominant contribution to the mixing angles, with
~ 25MeV, €13 ~ 13MeV and €93 ~ 150MeV . We
can choose the convention that €19, €93 are real, and
only €13 complex in the way consistent to the Wolfen-
stein (Chau-Keung) parameterization.

€12
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One-loop: Af =
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Ge()metrlc CP with Chang + Mohapatra, Phys. Lett. B515 431

The Fermion field in 5-D flat space time 1s decomposed into
Wy O + (VrOyr — YROYYL)
Y1, and Y p have opposite Z9

/ Fields Zg X Zé
S1/(Za x Z5)
qL, Up, dp, V. ep, Ha | (+,4)
masE <+7 +) (+7 _) (_7 +) (_7 _)
4/Rt  —e— _ o |Y4RyUL, dL7 ¢R7 €L Hp (_7 _)
e o QU1 D, V1, By | (+,-)
/R . . QrUp, Dp, Vg, Eg | (—,+)
0 ®
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CP invariant Yukawa coupling of the quarks in 5-dim

Ly = hygH gd + hyGH qu +h5QHRD + hiQHpBU + H.c.

This leads to the familiar CKM Model.
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Conclusion

= ) SR b

- A 1 e —
£ K<r //' - b

L v
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ﬂ% )} oY 3.0“
It 1s like: we already know the answer. We just have to
figure out what the question is. Wolfenstein
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