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Abstract: First, by using cylindrically symmetric model, the quantum state for cyclic Universe is studied. It is shown that
the ground state for oscillating cylindrical Universe is a maximally entangled with two-mode squeezed states on expanding
and contracting Hilbert spaces of Universe. Next, the production cross section for each Universe state is obtained. It is ob-
served that the probability for producing each state in cyclic Universe depends on different oscillating frequencies of Un-
iverse in space-time directions.After that, the effect of Universe oscillation on Higgs boson cross section is considered. To
calculate the production cross section for Higgs boson, the production cross section for each Universe state is multiplied by
thermal distribution of Higgs boson .It is found that in each Universe state, different amount of Higgs boson is produced.
Finally, the signature of Higgs boson near surface horizon of oscillating Universe is studied. When Higgs bosons produce,
they decay to quarks and gluons. Thus an enhancement of these partons can be a signature of Higgs boson inside the cyclic
Universe.
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propagating Lorentz connection modes of spin zero [21]
and so on.These proposals present a very broad conceptual
framework, in which the big bang is not the beginning of
time, but rather a physical event amenable to a testable
physical description. In these models, the universe oscil-
lates through a series of expansions and contractions. The
quantum entanglement between these expanding and con-
tracting branches of the universe might have observable
consequences in the dynamical and thermodynamical prop-
erties of one single branch, making therefore testable the
whole oscillating universe proposal, at least in principle.
The aim of this paper is to consider the effect of Universe
oscillation on Higgs boson production cross section.

The outline of the paper is as the following. In section II
we study the Higgs boson equation near Universe surface
horizon in cyclic cosmology .In section III, we obtain the
thermal distribution for different states of oscillating cylin-
drical Universe. In section IV we consider the Unruh states
for Higgs boson near oscillating surface horizon and finally,
we analyze the signature of Higgs boson inside the cyclic
cylindrical Universe in section V.

1. Introduction

In recent years, there has been considerable interest in
cylindrically symmetric model[1-11] for Universe because
this model plays an important role in the study of the heavy
particles like Higgs bosons in the early universe . These
particles produce during the phase transition after the big
bang explosion as the temperature goes down below some
critical temperature. Then they decay to QCD matters
[12,13].Since the temperature of early universe is very high,
we expect more particles to be produced from Higgs bo-
sons. In fact there can be an enormous amount of quark and
gluon production from Higgs boson, much more than ex-
pected from normal pQCD processes[14,15]. The present
question is the possibility of solving the Big-Bang singular-
ity and coincidence problem in oscillating cylindrically
symmetric model for Universe?

The idea of an oscillating universe was first proposed by
Tolman in the 1930’s. There have been many discussions
on such a topic and a number of models have been pro-
posed[16], among which there are cyclic models in DGP
braneworld scenario, non singular cosmology [17-19],
Cosmology without inflation [20], cyclic cosmologies with
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2. Higgs Boson Near Surface Horizon of
Oscillating Universe

In this section, we write Higgs boson equation inside the
oscillating cylindrically symmetric Universe which is more
complete than spherically symmetric Universe. To explain
cylindrically symmetric Universes, we use of cylindrical
coordinate [1-11] we should solve this equation in non flat
space-time due to acceleration of Universe. For this reason,
we introduce reparameterizations and get Universe metric.
We show that acceleration of Universe causes to formation
of one surface horizon outside of Universe boundary sur-
face.

The Higgs boson equation in cylindrical coordinate is
as[1,12,13]:
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where we have used of this fact that c=1 in national unit.
After following reparameterizations:
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The Higgs boson equation should be written as:
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where L(0, z,0,1) is the Universe boundary surface eq-

uation. With above consideration, the Higgs boson equation
is written as:
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where x” =7,x' = R,x* = X, x’ = 3 and the metric
elements are obtained as:
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After some mathematical manipulations, the surface
coordinate of Universe horizon can be calculated as:
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If Universe has the different acceleration in the zt, @
and # directions, Universe has cylindrical symmetry ; how-
ever, spherical Universes have the same accelerations in
these directions. Also, if By <L0.260) |, 2.0 <L(P,0,6,1)
thorison < L(P,2,0,0) and 8,,,..,, < L(p,2,0,t) the surface
horizon divides the Universe into two spaces.Particles that
are created in one space don't achieve to particles in anoth-
er space.

3.The Squeezed States of Oscillating
Cylindrical Universe

In this section, the squeezed coherent states of four di-
mensional oscillating Universe are explored. An oscillating
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universe is a non-standard scenario of cosmology which, by
having the universe expanding and contracting alternately,
is expected to solve the Big-Bang singularity and coinci-
dence problem. In this scenario, the surface coordinates of
Universe horizon, should be satisfied in following equa-
tions[16-21]:
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where W,, W, , W, and Q) are oscillating frequencies of
cylindrical Universe. The horizon coordinate opera-
tOI'S( p horizon > Zhorizon ’ ehorizon and thorizon ) and related mo-
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The fundamental definitions are recalled:
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where @,.0..a,.a, and @,,0.,0,.0, are creation and

annihilation operators. In agreement with [22-24] we can
write the Bogoliubov transformation between

the creation and annihilation operators of expanding and
contracting Universe :
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where F is some function to be determined later.
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By substituting (15) into (13) and by properly normaliz-
ing the state vector, we get
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freedom we obtain
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We observe that the ground state for oscillating cylin-
drical Universe is a maximally entangled with two-mode
squeezed states on expanding and contracting Hilbert spac-
es of Universe. We derive the thermal distribution for Un-
iverse states as the following:
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Multiplying thermal distributions of horizon states due to
expanding and contacting of Universe we have:

N Universe states _—
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Equation (19) shows that the probability for producing
each state in cyclic Universe depends on different frequen-
cies of Universe in 0, z, 8 and tdirections. To obtain the
total production cross section for oscillating cylindical Un-
iverse, we need to multiply the Universe surface horizon
production cross section by the thermal distribution for
Universe states:
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This cross section is depended on boundary surface equ-
ation and frequencies of oscillating Universe.

4. The Effect of Universe Oscillation on
Higgs Boson Cross Section

In this section we extend the results of the derivation of
Hawking radiation for scalar fields to Higgs boson in cyclic
Universe [12,13,22-24]. We show that the ground state for
Higgs boson is a maximally entangled two-mode squeezed
state on outside and inside Hilbert spaces of surface hori-
zon.

To obtain the Unruh state for Higgs boson,we solve the
equation(5) in Kruskal space-time . In Kruskal coordinates
the metric of the Universe becomes:
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Using this fact that y=0on g- and y=0 on If[-

[1,12,13]we can estimate the original positive frequency
normal mode on these past horizons:
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where Es is the Higgs boson energy .In Eq. (22), we can
use the fact that
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Using equation (22) we observe that the states in the ho-
rizon satisfy the following condition:
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which actually constitutes a boundary state. Using the
expansion in modes for Higgs boson we may write:
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With similar calculations in previous section, we calcu-
late the stationary state of Universe for Higgs boson which
is a maximally entangled two-mode state on outside and
inside Hilbert spaces:
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We observe that the ground state for Higgs boson near
surface horizon is a maximally entangled with two-mode
squeezed states on outside and inside Hilbert spaces of Un-
iverse. The thermal distribution for Higgs boson is:

Nﬂ/m“mn -
. f
inDout <Unlverse7 phorizon aout
xd(,ut Unlverse’ Ioh()rizon >,‘,,Dgl,1
( ; a
SR () —
out in COSh2 r ou
Ey\Phorizon
0
2m
X2, ), m)
aout tanh (VE\’p/HH'I:(m) m in " out (28)
n=0
1
= t<m—l,<m|—h2
ou m
COoS r
E . Phorizon

xz tanh 2" (ry , )(m) |m >,-n |m - 1>oul

n=0
e “4TTE  Phorizon

(1 _ e—4ITE5ﬂ/mm:nH )

e —4TTE  Z}orizon

(1 —-— e_4nEthoriznn )

Zhorizon

N _ e ~ATTE )10
t o - -
horizon (1 —e ATTE orizon )
B e_4 ”Es thriznn
ghan'.mn

(1 _ e—4”E\v9hmm )

Multiplying thermal distributions of Higgs boson due to
horizon of Universe we have:

Nl-liggs boson -
(29)

Phorizon " Zhorizon  Ghorizon ~  horizon

Equation (29) shows that different amount of Higgs bo-
son produced with different probabilities inside and outside
of Universe. These probabilities are related to Universe
horizon and the energy of Higgs boson

P e_4”Espharizon
n,w - 2
COSh rw’phnrizan

To obtain the total Higgs boson cross section near sur-
face horizon produced due to oscillation of Universe, we
need to multiply the oscillating cylindrical Universe pro-
duction cross section by the thermal distribution of Higgs
boson produced near a single horizon.

JHiggs boson

(30)

NHiggs boson NUniverse states o Universe surface horizon

Equation(30) shows that in each Universe state,different
amount of Higgs boson is produced. In fact, this equation
states that the effect of Universe oscillation can observed in
Higgs boson production cross section.

5. The signature of Higgs boson inside
the oscillating cylindrical Universe

If surface horizon is produced inside the Universe, many
Higgs bosons produce and decay to to quarks and gluons
and this will result in a difference between the observed
cosmic ray cross sections and the predicted cross sections.
We analyze the signature of Higgs boson inside the oscillat-
ing cylindrical Universe.

There are different channels for Higgs decay to QCD
matter. The total rate for Higgs boson decaying to gluons at
leading order can be derived as [14,15]:

I(Higgs —» gluons) =

as., 7T 3 1 o 2 (D
s ~ 1+(1-—=
(G Jes5 5y 1+ (- Paresin® V)]

in which Oy is the strong coupling constant, 7= 4M‘:’2 is
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the renormalization scale, MH is the Higgs boson mass and
M, is the top quark mass. We assume Higgs bosons annihi-

late and produce top —anti top quarks with mass Mt, with a
subsequent decay to gluons. We denote this gluon produc-
tion cross section with 0, ... and calculate 0,, ., as
following:

nguons = O-Higgsr(Higgs - gg) (32)

We observe that gluon production cross section depends
on the second order of strong coupling constant.We also
find this cross section increases by increasing the constant.

The rate for Higgs boson decay to bottom-anti bottom
quarks can be calculated as [14,15]:

[(Higgs — bb) =

Mia M?
—61/2sz2 [-4C, In(1-—X4
H

)

2 33
#2C, In(174) +2C,) 9

H

Where V =246GeV,C, = g,cA =N

We denote this bottom quark production cross section via
process Universe — Higgs — bb by O, with the following

calculations:

Oy

= 0, (Higgs — bb) (34)

When Higgs bosons produce due to oscillation near sur-
face horizon of Universe, they decay to QCD matters .Thus
an enhancement of QCD matters can be a signature of

Higgs boson inside the Universe.

Summary and Outlook

In this research we consider the cyclic cylindrical Un-
iverses,which experience different oscillating accelerations
in each direction. Using the cylindrical coordinates and
assuming different accelerationsin p | - , ¢ and t direc-
tions, we solve Higgs boson equation in these Universes.
After reparameterization ,we obtain the Universe me-
tric .Consequently , by considering this metric we derive
surface  horizon outside of Universe boundary
face .Using this metric, we study quantum states of Un-
iverse cosmology in cyclic cosmology.We show that the
ground state for oscillating cylindrical Universe is a max-
imally entangled with two-mode squeezed states on ex-
panding and contracting Hilbert spaces of Universe. Next,
we obtain the production cross section for each Universe
state .We observe that the probability for producing each
state in cyclic Universe depends on different oscillating
frequencies of Universe in space-time directions. .After that,
we consider the effect of Universe oscillation on Higgs
boson cross section. To calculate the production cross sec-

tion for Higgs boson,we multiply the production cross sec-
tion for each Universe state by thermal distribution of
Higgs boson .We find that in each Universe state,different
amount of Higgs boson is produced. Finally, we analyzed
the signature of Higgs boson near surface horizon of oscil-
lating cylindrical Universe. When Higgs bosons produce,
they decay to quarks and gluons. Thus an enhancement of
these partons can be a signature of Higgs boson.
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