Project: Z' boson in Fs GUT model

In the supersymmetric Eg model, there are two additional U(1) factors beyond the SM gauge group since the rank
of Eg group is 6. The canonical decomposition of ) and x models are as follows:

Fg — SO(lO) X U(l)w, (1)
SO(10) = SU(5) x U(1)y. 2)

After the extra U(1)’s are spontaneously broken by heavy Higgs fields (which we would not care in this project), the
gauge bosons Z,, and Z,, of U(1)y x U(1),, respectively, got masses and the mass eigenstates are linear combinations
of the two bosons. We call the lighter one Z’ and represent it as a linear combination of Z,, and Z, parametrized by
a mixing angle 0g:

Z/(QE) ZCOSHEZX—FSinHEZw, (3)

which is assumed to be in TeV range and mix with the standard model Z boson sizably. (Here assume the heavier
boson, Z" is much heavier than 1 TeV so that it does not affect the low energy phenomenology)
There are three particular cases we are mostly interested in:

e ¢y model: Z' = Z'(0) = Zy
e x model: Z' = Z'(%) = Z,

e 1) model: Z' = Z'(tan"1(—,/32) = Z,
The interaction Lagrangian for Z’ with the SM fermion field f is described by

Ly = —% D U (fv = favs) Uy 2, @
f

where model parameters in each model are

(G X n
fJE s 2o 26| 12p 121
v 0 1 4 -1 6 -4
e 0 1 2 1 3 -1
U 0 1 2 1 3 -1
d 0 1 -2 1 -3 -1

Table 1: Z’ charge assignment for the standard model fermions

After the electroweak symmetry breaking, the gauge sector with neutral gauge bosons /1, Z,Z' are given by

(m3,2"Z, +m3 2" 2.) - 257! B 4 M 7!, 7" (5)
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where Fuw YA ;/w are the usual field strength tensor for A, Z and Z' , respectively. The fields A and Z are obtained

by usual weak mixing angle as
Z o wag — SV[/B (6)
A) swWs +cwB

where ¢y = cosfy and sy = sinfy. The kinetic mixing with B, = 9,B, — 0, B,, ( for the hypercharge gauge
boson) is generically allowed and also mass mixing (~ §M?).



IIT DISCUSSION

I. MASS EIGENSTATES

Show that the mass eigenstates (A4, Z1, Z2) are obtained by rotation

A 10 CW Sy A
Zi | =10 ¢ —ceswse+ s¢ce Z
Zy 0 —s¢  ceCe + 5¢cSwse A
where
—2c (6 M? 2 e
tan 2¢ = ce( +mzswse)
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my, —my sy 52 + 20 M2 sy s,

with s, =sinx, ¢, = cosy, and s¢ =sin(, ¢ = cos(. Find mass eigenvelues (M4, My, Mo).

II. INTERACTION LAGRANGIAN WITH MASS EIGENSTATES

Recast the interaction Lagrangian of neutral gauge bosons with the SM fermions in terms of mass eigenstates

(A7Z1322):
—;C—@J A +gZzwf'7 TSPL_SWQf) waM—ﬁz/
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where P, = (1 —v5)/2 and J#, = Zf@ffy#wa.

Hint: You can write the expression as

e

—Lg7 = (1 + O;T> YU gl + ) = (gh + Pl 20,
7

QSWcW
+> Wb, — Col) — (B — Col)s] s Za,

and find g{; A h{/ 4 and corrections f{; 4 with the Peskin-Takeuchi variable S and T" are given by

aS = 4Cew sy tane,

M2
ol = (2 < — 1) + 2(sw tane,
up to the leading order of (.

III. DISCUSSION

e Discuss the differences and similarities in v, x and 1 models.

e Discuss how to find Z’ at the LHC and also at other low energy experiments.
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