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The Z' boson

@ One of the important searches for the physics beyond the Standard Model
(BSM) is for the Z’ boson.

@ It can be predicted by extensions to the SM's gauge symmetry, such as
SU3)c x SU(2) x U(1)y x U(1)x.

@ Experimental data from the LHC has constrained the Z’ boson at the TeV
scale.
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@ One of the important searches for the physics beyond the Standard Model
(BSM) is for the Z’ boson.

@ It can be predicted by extensions to the SM's gauge symmetry, such as
SUB3)e x SU(2)L x U(1)y x U(1)x

@ Experimental data from the LHC constrain the Z’ boson at the TeV scale.
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" boson

@ One of the important searches for the physics beyond the Standard Model

oxBr(pp-Z'>WW) (pb)

(BSM) is for the Z’ boson.

@ It can be predicted by extensions to the SM's gauge symmetry, such as
SUB3)e x SU(2)L x U(1)y x U(1)x
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© The non-supersymmetric model
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The non-supersymetric model (Phys. Rev. D 95, 095037)

General Remarks

@ The SM's symmetry is extended to SU(3)¢c x SU(2). x U(1)y x U(1)x X Zj.

@ The U(1)x x Z; sector was chosen non universal for explaining naturally the
fermion mass hierarchy.

@ For cancelling chiral anomalies fermions fields were considered. They get
their mass with a scalar singlet x, that also breaks the U(1)x.

Scalar bosons X Z, The masses of neutral vector bosons are

— ~ ~ &
Higgs doublets Ma=0 Mz~ %/V Mz ~ X3VX'
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The non-supersymetric model

General Remarks

@ The SM's symmetry is extended to SU(3)¢c x SU(2). x U(1)y x U(1)x X Zj.

@ The U(1)x X Z; sector was chosen as non-universal for explaining naturally
the fermion mass hierarchy.

@ For cancelling chiral anomalies fermions fields were considered. They get
their mass with a scalar singlet x, that also breaks the U(1)x.

Scalar bosons X 7., The masses of neutral vector bosons are
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The non-supersymetric model

General Remarks

@ The SM's symmetry is extended to SU(3)¢c x SU(2). x U(1)y x U(1)x X Zj.

@ The U(1)x x Z; sector was chosen non universal for explaining naturally the
fermion mass hierarchy.

@ For cancelling chiral anomalies fermions fields were considered. They get
their mass with a scalar singlet x, that also breaks the U(1)x.

Scalar bosons X Z, The masses of neutral vector bosons are
Higgs doublets Ma=0 Mz~ %/v Mz ~ gX3VX .
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- The mixing between the interaction
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Fermionic content

Quarks X Z, Leptons X Z,
SM fermionic isospin doublets
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The Higgs mass in a supersymetric standard model

@ Supersymmetry relates fermions
and bosons: They both can be
merged into the superfield.

@ |t protects the Higgs from
divergent mass renormalization.

@ A second Higgs doublet superfield
@} must be considered in order to
cancel quantum anomalies.

@ For getting the right SM's bosons
masses, the vacuum expectation
values shall fulfill:

\/VE+ V2 = v =246GeV
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The Higgs mass in a super ric standard model

@ For Iarge tan 8 = v{/wv, loop i
corrections due to stops should be o
as large as the tree level in order to

get a 125 GeV mass. This can be d
seen from the approximate mass o
expression: 2

2 _ 2 2 2
m; = m% cos” 203 + Amy,

where Am? comes from stops loop
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The Higgs sector in supersym
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Higgs potential: scalar fields

The scalar sector of the Higgs potential has three contributions:
@ F-terms. VF_terms = >, F{" Fi, where F = —%j{"“’/\"].
@ D-terms. Vp_ierms = 2, DIDZ, with D = —gs T;A;A;. This part ensures the
gauge symmetry.
@ Soft-supersymmetry breaking potential:
Viore = —mi 0] 01 — mZoit o] — miolo; — mPelf o) — md xTx — mZx'Tx' = mlolo —mZo'to!

+ [#11611(‘1’ 4”)+ #22511("2 )+ NXX(XX )+ 12 (o0’) — :\1¢£T¢2‘7, - 5\24’;]\4’10

Z\f

s

S (0] @ox’ — kod] dox” + k@) T0hx — ka@]T0)x ) + hoc.

The last terms break also the parity symmetry. If they weren't there, there would be
scalar particles lighter than the Higgs boson.
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Scalar mass spectrum

@ Charged bosons: There is a goldstone boson that gives mass to the
W particles. Additionally, there are three masive charged scalar
particles with a mass at the soft-SUSY breaking scale and also the
U(1)x breaking scale.

@ CP-odd bosons: There are two goldstone bosons that give mass to
Z and Z'. There are additionally 6 massive CP-odd particles, also at
the soft-SUSY breaking scale and the U(1)x breaking scale.

@ CP-even masses: There is a scalar boson at the electroweak scale.
The other 7 massive particles of this kind are on the other higher
energy scales. The mass of the Iightest can be written as:

~ 4
m? ~ m% (cos22ﬂ + 9 2gX 5(cos231 + cos2/32) >
g

where tan? 3 = V}Zi °7, tan 81 = % and tan 3 =
1
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Higgs boson mass constraints on the new interaction

@ The squared Higgs mass gets a contribution proportional to the square
coupling constant g3.

@ A Montecarlo exploration was made on the parameter space v vs gx and v,
vs gx for obtaining the Higgs mass 125.3 + 0.4 GeV at 95% confidence level.

@ Since m; ~ v; and my, ~ v}, the domains for the exploration were
[170 — 200]GeV and [3 — 7]GeV respectively. v, had full freedom,
[0 — 246]GeV. v] is then constrained for obtaining the right SM boson

masses, v{ = \/v2 — v — vj? — V3.
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Z' interaction with SM bosons and fermions

The previous results showed that gx > 0.63. This gives strong implications on
the lower mass bounds of the Z'.

The Z' interacts with the W™ bosons  The Z’ also interacts with SM's

due to a mixing with Z: fermions
8x 28x i
Ay Sw Cw 0 w3 Line.qa! =ty PLu B, + X5y Pru'B],
Zy | = cwes -swc: sz |8y 3 3
2 ~CwSz  SwSz  Cz) \B, +%X31~/“PLd13; - %XJ’WPRd’BL,

where, being

tanB = \/vZ + vi2/\/VZ + v? 4
B \/ itwv /\/ 3+ v, Linpres? = — iX &1 Pre°Bl, — g: &yt PretB),
2
2gx cos 6 M, 4gx
sinfz = (1 + cos? B)M 'z — gxéT’y“PLeTB‘/L — —éT’y“PReTBZL
3g Mgz, 3

The total cross sections of the decays pp — wrw™ and pp — IT/~ were calculated using
MADGRAPHS5 together with PHYTHIA 6 for introducing the PDF and parton shower, and
Delphes 3 for detector simulation.
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Z' constraints from pp — wrw™ and pp — [T/~
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Conclusions

@ The Higgs boson mass gets a contribution from the D-term coming
from U(1)x at tree level.

@ For obtaining a mass of 125 GeV Higgs boson, the coupling constant
of the new symmetry is bounded from below, gx > 0.63.

@ Diboson production constraints the Z' mass to be Mz > 5 TeV,
similar with analyses from other authors. However, since gx > 0.63,
the dilepton production constraints were much stronger, giving
approximately Mz > 8 TeV.
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