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Assuming that the e-folding number is just determined byctienge of the scale factor, the tachyonic infla-
tion theory in LQC has been discussed. Considering the tachigld with exponential potential and inverse
guadratic potential, we find that the evolutionary pictuwesuper inflation areféected by the potentials and the
initial conditions. However it cannot provides enough ity number to solve the horizon problem, no matter
which condition is chosen. Therefore a slow-rolling infbatiis necessary. The e-folding number for slow-
rolling inflation depends on the values of the parametef the exponential potential and the initial conditions.
To get enough e-folding number,should be small. Based on the slow-rolling inflation happemsediately
when the super inflation ends, and the scale factor is camisiy growing during the whole inflation stage, we
consider an e-folding number provided by the whole inflaigrstage, and we find that the horizon problem is
easier to solve when the scale factor increases duringeaihttation phase.

PACS numbers: 98.80.Cq

I. INTRODUCTION techniques used in loop quantum gravity (LQG)|8, 9]. Due to
the homogeneity and isotropy of spacetime, the phase space
, of LQC is simpler than LQG, e.g., the connection and triad
Recently, Researchers from the BICEP2 collaboration ana e gescribed by just two quantitieandp, respectively. The
nounced the first direct evidence for the cosmic inflation [1] dynamics of LQC can be studiedrectively by introducing

The inflation theory is introduced to solve lots of cosmologi quantum gravity corrections to the gravity and matter Hamil
cal conundrums (the monopole, horizon, flatness, and entrognian [6,7], and the numerical evidence shows that the ef-

problems) in the standard cosmological modgl [2]. Inflation ¢octive equations provide an excellent approximation ® th

ary models have has made huge success. In particular, it gefy, dynamics of sharply peaked statés|[10-12]. In general,

erates fluctuations that became the seeds for the growth @f,q types of corrections are considered: inverse volume cor
structures|[3]. Inflation happens while the Hubble parame;ection and holonomy correction. Considering these modifi-

ter H is approximately a constant, amd>"0. In this stage, cation, one can obtain many interesting results, e.g.,@he r

the equation_ of state (EoS) parameter of inflatio_nary_field isplacement of big bang by big boun¢e[10] 13], the avoidance
w = -1 which means the potential energy of inflationary ot most singularities [14, 15], the more likely occurrende o
field is dominant. This domination continues unii= ~1/3,  infation{16-10], and so on. But the first modificatiorfigns
which indicates the kinetic energy can no longer be ignoredi.om gauge dependence which cannot be cured and thus yields
Lots of evidences show that inflation is a brilliant candéat unphysical &ects. Therefore we will discuss the tachyonic
theory to explain the very early universe (i.e., see[4,BDt  infiation theory in LQC based on the second modification. In
there are still some problems need to be solved, i.e., the gefyjs gfective LQC, a term ofp?/p. will be added to the right
erating initial conditions for inflation, the singularitf the  hans of the standard Friedmann equation. Since this correc

universe, and so on. As we know, if the universe is filled withyio 4y comes with a negative sign, the Hubble parametehen
radlatlon.and matter, .accordmg to the general relatl\h'@ft awill vanishes whem = pc, at which the quantum bounce oc-
ory, coming back in time, one concludes that there exists ;s and the universe oscillates forever.

primeval singularity, i.e., big bang singularity. The bigry
singularity problem could be viewed as a defect of Einstein]c
cosmology at high energies scale.

Since the Friedmman equation adds a term@¥/p. in ef-
ective LQC, the universe will enter a super inflation stage a

soon as the quantum bounce happens, p.es, pc. The su-

To solve the big bang singularity problem, one possible soper inflation is totally caused by the quantum geomefigat
lution is modifying the theory of general relativity at high-  jn LQC [20], and it has been studied by many papers|[21-25].
ergy scale. There are lots of candidates, one of which is LQG he generating initial conditions for inflation are far fremsy
(more recently review, please seel[5, 7]). LQC is a canoniin Einstein cosmology, but there are lots of works arguetl tha
cal quantization of homogeneous spacetimes based upon the phase of inflation is generic for the model with the holon-

omy corrections in LQC [16—19]. The inflation theory in LQC
has been discussed by many papers and the observational is-
sues of LQC also have been studied (for more recently review,
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and could contribute to some new form of dark matter at latehe tachyon field as

time [27]. The behavior of tachyon field in LQC was studied v

in [28], in which they considered the inverse volume mod- d+@A-9¢) (3H{p + —), 3)
ification. They found that there exists a super accelerated v

phase in the semiclassical region. The dynamical behaviofghere prime denotesfiierentiation w.r.ts.

of non-interacting and interacting tachyon field are stddie  Considering the Eqs[J1) and (2) and the continuity equa-
in [29,130]. It was shown there, the dynamical behavior oftion, one can get

tachyon field is dierent form the one in Einstein cosmology. 1

The inflation theory of tachyon field in LQC also been dis- H=-Z(o+p) (1 - 2_'0) (4)
cussed|[31, 34, 35]. The evolution picture and inflation of 2 Pc

tachyon field with exponential potential in LQC was studied According to Eq{IL), we can find that = 0 whenp = p,

in [31]. It was shown there, for small value gfthe quantum  \yhich is the quantum bounce point. Itis easy to seetthat0

trajectories approach the classical inflationary attracBut  at the bounce point and it holds positive uptit %pc- H>0

they just considered the inflation stage, and the supettimila means the universe is in a super inflation stage. The Hub-

is ignored. The purpose of this paper is to discuss the siple parameter and the scale factor increase during thig stag

per inflation theory of tachyon field with exponential poteht  And since super inflation is completely due to the modifica-

and inverse square potential in LQC, also we will study thetion term in the Friedmann equation, it is rooted in the quan-

slow-roll inflation of tachyon field with exponential potéadt  tum geometry fect.

in LQC. Using Egs(({ll) and{4), it is easy to get the modified Ray-
This paper is organized as follows. Firstly, we will intro- chaudhuri equation

duce some basic equations of LQC and the tachyon field in

sectiorf ], and then, in sectignllll, we will show the tachijon a —H+H2= }p (1_ ﬁ) _ :_L(p +p) (1_ @) (5)
inflation in LQC. Finally, we draw the conclusions in section a 3 pc) 2 c
in the last section. For simplicity, we set@ = 1. As a basis for the next section, we discuss the general prop-

erties of slow-roll inflation theory in LQC in this sectionhi

job has been shown in [31,/41], but for comleteness’s sake, we

briefly review the discussion of [31,!41] in the following. To

make the discussion of slow-rolling inflation easy, we ulyual
We focus on the flat FRW cosmology in this paper. Thejntroduce a slow-rolling parameterwhich is related to the

effective equations in LQC are derived from the LQC hamil-eyolution of the Hubble parameter

tonian constraint operator and include the leading ordangu .

tum gravity corrections to the classical Friedmann equatio = _H_ §(1+ w)l‘ 2x (6)

It turns out that the féective equations provide a surprisingly H2 2 1-

good approximation to the dynamics of sharply peaked stategith x = £ andw is the equation of state (EoS) of tachyon

in LQC at all times, including at the bounce point where quan+ig|q

tum gravity dfects are strongest [37]. In this paper, we fo- P,

cus on the holonomy correction, then the modified Friedmann w==-=¢"-1 (7)

equation reads P

Il. FRAMEWORK

The expression of EoS for tachyon field is only depends on
1 (1 B ﬁ) (1) its kinetic energy rather than its potential energy. Buteam
’ ber that the form of potential willféect the changing rate of
kinetic energy, just as EJ(3) showed. According to[Bqif7),
in which p is the critical energy density. For such model, en-easy to see € [-1, 0]. We show the evolution picture of in
ergy density of matter cannot exceed the critical energy derrig. [1(a). The tracks of EoS for twoftterent potentials have
sity. We consider the universe is sourced by a tachyon fieldsimilar trajectory at the very early time, and they beconmg ve
The energy density and the pressure of tachyon field are  different at the late time. But it is should be noticed that, the
Vv : evolution of EoS depends on the initial values of the kinetic
p= , p=-V41l-¢2 (2)  energy and potential energy of the tachyon field, and we will
V1-¢? discuss these values in the next section.
The slow-rolling inflation happens while< 1. The condi-
tione < 1is totally equivalent to the conditid# ;22> < -1,
To be specific, it is< > X, = (1 + 3w)/(4 + 6w) for w > —2,

in which V is the potential of tachyon field. The exponen-
tial potentialV = Voe % with constantsvy, 4, the quadratic
potentialV = %o-qbz with constanto, and inverse quadratic \ '
potentialV = —A¢~2 with constanig are always discussed andx < X, for @ < -5 [35]. But noticed tha € [0, 1],
when the inflation properties of tachyon field are studied(se therefore, the conditions for inflation ate [35]
i.e. [42]). We will consider the inverse quadratic potentiallan
exponential one in this paper.

Using Eq. [[2), and considering the continuity equation 1 1 (8)
o+ 3H(p + p) = 0, one can get the evolution equation of 0<x< > for -1<w< 3

%>x>xw>0, for w>—%,
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Assumingw is a constant during the inflation stage, we givetachyon field with exponential potential and inverse qutcira
the relationship between andx, in Fig. [I(b). For tachyon one with diferent initial condition at first, and then, we will
field, if the conditiono + 3p < 0 is violated, i.e.w < —% is  study the slow-roll inflation of tachyon field with exponeatti
violated, the inflation will stop in Einstein cosmology. Bust  potential, and we will give more discussions about tachgoni
as we show in the EqJ(8), the inflation will not stop in LQC. inflation in LQC.

This dfect is caused by the quantum geometry. So, as a word,
the quantum geometry changes the inflation in two aspects:
one is the super inflation stage, which is totally cased by the
guantum €ect; the another one is inflation, the inflation still
continues whiley > 3.

A. Super inflation

Since there is an additionaIZ—i term in Friedmann equa-
tion (see Eq.[{1)), the Hubble parameter should be zero when
the energy density of tachyon figldequals to the critical en-
ergy densityp.. At this momentH > 0 for (1- 2/%) = -1

00 - --4

@ [ vy ! This means the universe will enter an super inflation stage as

soon as the bounce begins, and it will last uktil= 0, i.e.,

o = %pc. There are lots of studies discuss the properties of
super inflation|[20=25]. As we know, to solve the horizon
problem, the scale factor should increase very fast in slow-
roll inflation stage to ensure the e-folding numitdér> 60.
According to the truth that the e-folding number comes from
the changing of the scale factor in slow-roll inflation, some
concluded that the e-folding number created during super in
flation in LQC is not sticient [20], but then it was found
that the e-folding number during super inflation depends on
the initial conditions|[32] or the parameter of the potelnia
scalar field [[22]. Noticed that the Hubble parametkein-

creases during super inflation stage, some argue that tke sup
inflation can solve the horizon problem for the e-folding num

ber corrected abl = ifgl ;:g:)) — oo [24,/25]. In this subsec-
tion, we just consider the e-folding number from the change

of the scale factor during the super inflation stage.

We discuss the super inflation of tachyon field with expo-
nential potential and inverse quadratic potential. Th@pses
of this subsection are two: one is to find out whether the dura-
tion of super inflation for tachyon field depends on the poten-
tial, the other is to study whether the change of scalar facto
depends on the initial values of kinetic and potential eperg
during super inflation.

We consider three kinds of initial conditions: I, the poten-
tial energy dominates (PD) at the bounce point; I, the ki-
netic energy and potential energy sub-dominates (KPD)eat th
FIG. 1: (Color online)(a): The evolutionary picture of Eo$ o bounce point; and lll, the kinetic energy dominates (KD) at
tachyon field with exponential potential and inverse quadmane.  the bounce point. The evolution pictures for Hubble param-
The dot line isw = —1. (b): the relationship betweem and  eterH and scale factoa for different initial conditions are
X, = ¥3 \e assume is a constant during the inflation stage. shown in Figs[ R and] 3. Fid.l 2 shows the evolution pictures

for H anda under the condition that the universe is sourced by

In this section, we give some basic equation for tachyorfachyon field with exponential potential, while Figl 3 shows
field in LQC, and discuss the general inflation theory for LQC, that the evolution pictures for the tachyon field with imeers
we will discuss the inflation theory for tachyon field with ex- duadratic potential. We set the potential’'s parameter @ma c
ponential potential and inverse quadratic potential inrtéxkt  stant,Vo = 0.82,1 = 0.5,8 = \/é These values just follows
section. the choice ofl[29, 31].

The Hubble parameted increases immediately when the
guantum bounce happens and it is lasts util= 0, i.e.,

p = %pc, just as Fig.[2 an@]3 shown. Also, it is easy to
find out that the growth rates ¢f are almost the same for

In the last section, we showed the general inflation theoryhe tachyon fields with the same potential but witffatient
in LQC. In this section, we will discuss the super inflation fo initial condition, and the growth rates ardiérent for the dif-

Ill.  TACHYONIC INFLATION
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FIG. 2: (Color Online) The evolutionary pictures of the Higbpa- FIG. 3: (Color Online) The evolutionary pictures of the Higbpa-
rameterH and the scale fact@with different initial conditions. The

rameterH and the scale fact@with different initial conditions. The
universe is soured by the tachyon field with the exponentié&mp universe is soured by the tachyon field with the exponentié&mp
tial. The three dferent conditions are as same as the ones in[Fig. 2.

tial. There are three kinds of initial conditions: KD: then&tic en-
ergy dominates at the bounce point; KPD: the kinetic andrgiae = The dot at the line represents the ending point of super iioifiat

energy sub-dominates at the bounce point, and PD: the jEitent
ergy dominates at the bounce point. The dot at the line reptseshe

ending point of super inflation.

zon problem, just as Fig. Fid.] 3 showed, no matter which
ferent potential. This means that although the super iofiati initial condition chosen. Although Fh?. scale fa_lqmncreases
is cased by the quantum geometfieet, but the duration of very fast when one considers the initial cor]dmon that the p
it will be affected by the matter (i.e., same field wittiferent tentlgl energy dommaotes at the boynce point, the ch_an_ge rat
potentials, or dierent fields). This result is tenable for in- of alts still less thareﬁ_ ' _Th|s re_sult is dierent from .[Zb]’ in
teracting or non-interacting tachyon field [34], as well as f which we found that Itis pqssmle to s_olve thg horizon pr_ob-
the interacting or non-interacting scalar field|[22, 25]t Bie Ierg dudr!ng the_ sup(ar |m;llat|on of theflnterlac;mg_ S‘g?"af field
growth rates of scale factarare very diterent from the ones 31” re"g‘o !?:'r?n' "?" E Ef c angedrate_ 0 tsca tethaa';)m lgger i
of Hubble parametet. It is easy to find that the growth rates Sn It the potential energy dominates at the bounce poin
of a are very dfferent for the tachyon field with exponential [23].
potential under dferent initial conditions, but the filerence In this subsection. we discussed the super inflation of
is very small (at least in the same order of magnitude) for in- , . ' X : up :
verse quadratic potential. tachyo_n f|_eld with expo_nentlal ppt_en'qal and_lnverse quidra
potential in LQC. We find that it is impossible to solve the
To solve the horizon problem, if we consider the e-foldinghorizon problem if we consider the e-folding number comes
number just depends on the change of scalar field In 2., from the change of the scale factor. To solve the horizon-prob
the scale factor needs to increase at leftimes. If one lem, if we still just consider the changes of the scale father
consider the universe sourced just by the tachyon field wittslow-rolling inflation is necessary. We will discuss thevslo
the inverse quadratic potential, it is impossible to solge-h  rolling inflation in the next subsection.



B. Slow-rolling inflation

The initial condition for slow-rolling inflation is a hard hu
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to crack in Einstein cosmology, and the probability of infla-
tion is suppressed by the facterN [43], but the probability

of inflation in LQC, with at leasiN = 65 e-folding numbers,

is very close to one for scalar field [16]. The slow-rolling in
flation for tachyon field in LQC has been discussed by many
papersl|[31, 34, 35], we will discuss the tachyonic slowingll
inflation in LQC based on these papers. As same as [31], we
discuss the tachyon with a exponential potential in this sub
section.

Energy

1E14

FIG. 5: (Color Online) (a): the evolution pictures of poteh&and
kinetic energy. (b): the evolution picture for the EoS. Ther slot

denotes the end of the slow-rolling inflation.
1E9

is small enough, i.elp| < I3H4|, |V’|, and the spacetime is
approximatelyde sittet i.e.,a(t) ~ €. The potential energy
dominates the kinetic energy during inflation stage, thiamse
thatw ~ —1 at that time. We show the evolutionary pictures
for potential energy and kinetic energy and the EoS in[Hig. 5.
t We find that the potential energy dominates the kinetic gnerg
for a while, and the EoS hold = -1 for a while and then
increases to the value that the slow-rolling inflation eritis (
star dot on thev — t line in Fig. [B(b) and it persistently in-
creases tilko = 0. Noted that the Eo® ~ —0.3319 when
the slow-rolling inflation ends in LQC. This value is bigger
thanw = -3, and the slow-rolling inflation ending is = -1

in Einstein cosmology. This result is as same as the one we

discussed in the last section, and it is another correction f

the scale factoa are shown in FigZ4. According to the numer- inflation by the quantum geometry in LQC. Also, the track of
ical analysis, we find out that the Hubble parameéterimbs @ in Fig. [T is diferent from the one in Fid. 1. Thisférence

up at the super inflation stage, holds the value for a while (no€0Mes from the dierent initial conditions. All these signals
a constant, but changes very slowly, just askhe t picture show that the slow-rolling inflation happens as soon as the su

showed in Fig[R), and then climbs down. But the scale facPer inflation ends in LQC when we considers the potential and
tor changes rapidly. This appearance is just the requiremeffin€tic energy sub-dominates at the bounce point.

of the slow-rolling inflation in standard inflation theoryn | The slow-rolling inflation ends when the conditions is vi-
the standard inflation theory, the second time derivative of olated, i.e.e = 1. Unfortunately, there are still not enough

10000

01 1 1 1 1

FIG. 4: (Color Online) The evolution pictures of the Hubbkrgm-
eterH and the scale facta for the condition that the kinetic and
potential energy sub-dominates at the bounce point. Tioteaiiot
represents the ending point of super inflation, and the forktple-
notes the end of the slow-rolling inflation.

The evolutionary pictures of the Hubble paramédteand



e-folding numbers if the slow-rolling inflation ends when we
chosex = 0.5 with the initial condition that the potential and ;
kinetic energy sub-dominates at the bounce point. Justeas th 2
left picture shows in Fig.]4, the e-folding number in thiseas g

is N ~ 33, less tharN = 60. To get enough e-folding num-

ber, a feasible method is choosing the parameters of patenti 01

very carefully, i.e., picking some smaller [31]. Based on H

the method ofi [31], and using the numerical analysis, we can

find that the relationship betweenand the e-folding num- ootk N

bers as showing in Tablé I. The e-folding numbhirgs very
different when one chooses the saimender diferent initial /
conditions. Obviously, the e-folding number is bigger when 183 L2 . . .
one chooses a smaller tachyon masso matter which ini- o ! 10 10
tial condition is chosen. And the slow-rolling inflation istn
happening forr = 0.5, and 06 when one chooses the kinetic
energy dominates at the bounce point, since the slow-gollin
parametee > 1 always.

1E25

@ 0.1 0.2 03 ] 04 05 ] 06
Nkpp 763 | 195 | 106 57 33 20 1820
Nrb 768 | 200 87 47 31 21
Nkp 680 84 18 7 - - a "°

1E10

TABLE I: The relationship between the tachyon masand the e-
folding numberN. We setV, = 0.82. KPD,PD and KD respectively
denotes the kinetic-potential dominates, potential gndgminates . . . .
and kinetic energy dominates at the bounce point. “—" dentite 20 40 60 80
slow-rolling inflation condition is violated. t

100000

R S B B B B B B B B

=]
=]

In this subsection, we discuss the slow-rolling inflation

for tachyon ﬂe.ld with exponential potential in LQC. To get parameteH. The circle dot in the solid line and the trigonometric
enough e-folding number, the tachyon massshould be  ,oint in the dash dot line respectively denote the endingtpoi
small, at least should be smaller than 0.4 for potefkii@tic-  the super inflation. Right: the evolution picture for thelsdactor.
potential energy dominates at the bounce point and 0.3 for Kiwe consider the tachyon field with exponential potentiaki &me
netic energy dominates at the bounce point. The slow-llin potential energy dominates at the bounce point.

inflation does not happen for all the times, i.e., at leasgmwh

a = 0.5 ora = 0.6, and the kinetic energy dominates at the

bounce point. If_one_ cpn5|ders the tac_:hyon field W|th_|nversq_|ubb|e parameteH in Fig. 6 (a).
guadratic potential, it is easy to get similar conclusigost
as [31] argued.

FIG. 6: (Color Online) Left: the evolution pictures of the lbhle

It is easy to find that the
potential energy dominates the kinetic energy as soon as the
super inflation ends and the EoS holds the value -1 just
we showed in the Fig[]5. Then, we can get the conclusion
that the slow-rolling inflation happens as soon as the super
inflation ends. This means that, considering the potential e
) ) ) ~ ergy dominates at the bounce point, the inflation for tachyon
In the last two subsections, we discuss the super inflatiofe|d with exponential potential continuously happens. iByr
and slow-rolling inflation for tachyon field in LQC. We find the whole inflation stage, the Hubble parameter increases du
that the e-folding numbers of super inflation is less than 60ing the super inflation stage, the increasing rate is verylsma
and whether the slow-rolling inflation solve the horizontpro 5 it aimost a constant during the slow-rolling inflatioagg.
lem depends on the choice of tachyonic massTo solve Byt the scale factor sustains the growth during the whole in-
the horizon problem, one way is consider the e-folding num{|ation stage, from the quantum bounce point to the ending
bersN = fﬁfgﬂg‘f — oo during the super inflation stage for time of slow-rolling inflation. This means that the e-foldin
H(t) ~ 0 in the bounce point, just as shown ini[24, 25]; an-number has two contributions, one from the increasing of the
other way is choosing the tachyon mass very careful, and thecale factor during the super inflation stage, and the anothe
slow-rolling inflation provides enough e-folding numbers§  one from the changing of it in the slow-rolling inflation pleas
as the choice of [31] and we showed it in the last subsection.Considering this truth, with the help of the numerical azaly
Considering the e-folding numbét just depends on the it is easy to get the total e-folding numbers during the whole
changes of the scale factor, there is still one more questiomflation stage:N,-04 =~ 65 andN,—¢5 =~ 41. This means
needs to be discussed. We show the evolution trajectoryeof ththat the horizon problem can be solved when the tachyon field

C. More discussions on tachyonic inflation
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masse = 0.4. a = 04,05 at the bounce point, just as Figs] 4 ddd 6

The inflation in LQC has two phases, one is super inflashowed. To get enough e-folding numbers, the tachyonic mass
tion, and the another one is slow-rolling inflation. If thew! o should be small. No matter which initial condition is cho-
rolling inflation happens as soon as the super inflation endsen, the e-folding number is bigger for smalter And for
we can treat this two inflation stages as a one inflation phassome values of, the slow-rolling inflation won't even hap-
During this inflation phase, the Hubble paraméfencreases pen. The slow-rolling inflation happens while the super infla
at first and almost holds the values for a while until the in-tion ends, and the scale factor continuously increasesgluri
flation ends, and the scale factabecomes bigger and big- the whole inflation stage, then it is possible that the eifmd
ger during the whole inflation phase. In this inflation phase humber comes from the changes of scale factor during the su-
the Hubble parametédt increases very small, just as Figl. 2 perinflation and slow-rolling inflation. Considering thetpio-
shown, but the change rates of scale faetoan be very huge tial energy dominates at the bounce point, we find that tfa tot
for some conditions. If one combines this two inflation stage e-folding number for = 0.4 is enough to solve the horizon
as one inflation phase, the solution to the horizon problem beproblem, but it is not enough far = 0.5. Considering the su-
comes easier, just as we showed in this subsection, at legsér inflation stage and slow-rolling stage as a whole inftatio
easier than just one considers the slow-rolling inflation. phase, we find that it is easier to solve the horizon problem.

A short conclusions for this section. We assume that the |n this paper, we consider the e-folding number that comes
value of e-folding number just depends on the changes of thgom the changes of the scale factor, no matter this changes
scale factor in this section. We find that the super inflationcomes from the super inflation stage, or the slow-rolling in-
phase cannot provides enough e-folding number to solve thggation stage. Although the horizon problem can be solved in
horizon problem, and slow-rolling inflation with small taeh  the super inflation stage [24,/25], but the slow-rolling itifia
onic massr maybe can solve it. But for the slow-rolling infla- still needs to be studied in LQC. On the one hand, the slow-
tion happens immediately after the super inflation phass,endrolling inflation will be more likely to occur in LQC, just asav
the horizon problem is easier to solve for the scale factor inshowed in the last section, and showed by many other papers
creases during all the inflation phase. [16-119], on the other hand, the observatiorfééet of super

inflation is still absent, at least still needs to be studigf] [

but the observation issue of slow-rolling inflation in LQGsha
IV.. CONCLUSIONS AND DISCUSSIONS been discussed by many papers ($eé [26] for a review). Al-

ways, the observational data give some constraints on the po

We discuss the tachyonic inflation in LQC in this paper.tential and the parameters of the potentials. There are &vo p
The inflation in LQC has two stage, one is the super inflatiorameters/p, a for exponential potential and one parameter
stage, which is totally caused by the quantum geoméliege  for inverse quadratic potential, we just consider theresamse
and the another one is the slow-rolling inflation stage. Theconstants in this paper, but to find which values are suited,
slow-rolling inflation in LQC is diferent from the one in Ein- more study is needed, and the observational data should also
stein cosmology, for the existing of the quantum correcgtionbe considered. We get a conclusion that the horizon problem
just as the Eq[{8) shows. is easier to solve when the e-folding number depends on the

Considering the tachyon field with exponential potential orchanges of scale factor during the super inflation and thve-slo
inverse quadratic potential, we discuss the super infldton rolling inflation phase if the slow-rolling inflation happeas
tachyon field in LQC. We consider thredl#irent initial con-  soon as the super inflation ends. If this conclusion is cérrec
ditions for two potentials, and get the evolutionary pietifor  will the observational #ects be evident? To understand the
the Hubble parametéi and the scale facta. We find that, inflation theory more deeply in LQC, and know which param-
although the super inflation is a quantum geomefigat, the  eter are suitable, we need consider the observatidtedte
duration of super inflation is influenced by the matter. Cdnsi just as [25! 45] did. But the perturbation theory of tachyon
ering the e-folding number is totally depending on the clegang matter in LQC is still empty, thus we just get some theorética
of the scale factor, we find that the super inflation for tachyo results in this paper.
field cannot provide enough e-folding numbers, neithertfer t
tachyon field with exponential potential, nor for the onehwit
the inverse quadratic potential, and the slow-rolling tidla
is needed.

As an example, we discuss the slow-rolling inflation of
tachyon field with exponential potential. After the super in  Zhu was supported by the National Natural Science Foun-
flation, the universe enters a slow-rolling inflation immedi dation of China (Grant Nos. 11175019 and 11235003) and
ately for the initial conditions that kinetic-potentialengy  Xiao was supported by the National Natural Science Founda-
dominates withe = 0.5 or potential energy dominates with tion of China (Grant No. 11175019 and 11247282).
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