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Abstract. Gamma-ray bursts are the universe’s most advantagesources, and widely
found in supernova explosions. In this paper, wethe observed gamma-ray bursts data
and other data to a combination of observationattraints on dark energy models. The
best fitting value of matter, dark energy densiygmeter, dark energy state equation
parameter and interaction factor and 68% degregispiosition were obtained. And the
compliance of the model with the observed datasisugsed by information criterion. The
conclusions are as follows: (1) The model is fittdth the observed data. (2) Due to the
interaction factor, we can see that the modelcsitinot alleviate the coincidence problem.
(3) The obtained parameters are consistent with ciemological constants model
proposed by Einstein in the range of 68%.
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1. Introduction

Gamma Ray Bursts (GRBs) [1-2] is a gamma-ray iiitgfrom the sky in the direction of

a sudden increase in a short time, followed byiekglecline of the phenomenon, duration
0.1 to 1000 seconds, the radiation mainly in 0.Q4¥@V energy segment. GRB was found
in 1967, for decades, people have to understamaitse is not very clear, but it is almost
certain that occur on cosmological scales stelidestial outbreak in the process.GRB
astronomy is one of the most active areas of reBghgas twice been named in 1997 and
1999 the American magazine “Science” column of sefentific and technological
progress of the Year. Since type la supernovaeredtéen team observed accelerating
expansion of the universe cite [3], dark energyldeaome a modern cosmology one of the
hottest research. However, even now, we know vty hbout the nature of dark energy.
In order to research the nature of dark energyestablished many types of dark energy
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model via obtained information. In many models afidenergy, CDM parametric model
dark energy exists coincidence problems[4].We nawvk the basic structure of the
universe according to the standard model of cosgyol®here are about 5 percent of the
energy content of the universe is made of ordibaryons and roughly 27 percent consists
of a yet-undetected matter component and approglyn&8 percent of the dark energy.
The first part is below the scope of particle pbgsind there have a great discovery of the
higgs boson in recently [5]. There maining two patcounted for 95 percent. As previous
mentioned the yet-undetected matter componenthihithought to be a massive particle
of non-baryonic nature that interacts through wiegdraction and gravity only. It is called”
cold dark matter”. The last part is the energy eahtwhich is the best candidate for dark
energy.We can understand the changes in composititiee universe to understand the
changes in the universe. And there have a fundahprdperty what is our universe is
accelerating expansion.

It is a huge challenge that accounting for two wvkn components [6]. Still
regarding the dynamical dark energy, there extsspossibility of interaction between
dark energy and dark matter. Meanwhile, it is asfibs interaction between dark energy
and the other fields. We wanted to find a clue frdeink energy section. At least, it is the
greatest hope for us by now. In particular, the ehaaf dark matter and dark energy
interaction is the best candidate to alleviatesthwealled coincidence problem.

Because we know very little about the dark energy @dark matter it is difficult to
describe it through the first principles. In recgaars, there are a lot of people want to
thermodynamic way to describe it, but the effectasvery satisfactory. Broader approach
is to use dark energy and dark matter interacgom Q [7],

p,+3H (p, +p)=-Q, @)

Pa+3Hp, = Q, @
which preserves the total energy conservation eqyat + 3H ( Py tPe)=0-1Q

is a non-zero function of the scale factor, therattion makepnandpx to deviate from
the standard scaling.

We will make extensive use of various observatiatado limit the dark energy model
[8]. In this paper, we mainly use the gamma-rataudate limited the dark energy model.
In order to highlight the effect of GRBs, we alsewther astronomical observations data
to jointly limit the dark energy models. Includisgsmic microwave background (CMB)
observation from the Plank results and Baryon aaascillations (BAO) data. We hope
to find the relationship of dark energy and darlterdby observing these restrictions result
data. We will use different criteria in the anatysomparing various different results of
dark energy model [9]

This paper is organized as follows. We will disctiesinformation criteria in Section
2. In Section 3 we will give different models anghstraining results. We will present
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theoretical analysis of the constraint results distuss it in Section 4. Finally, we
summarize the main conclusions in Section 5.

2. Gamma-ray burstsdata and other observations

Recently, as a probe to discover a supernova hegmee an important function of
Gamma-Ray Bursts (GRBs) [10]. Gamma-Ray Burstdteranost violent explosions in
the universe, in theory, when the fuel runs out sivasstars explode or collapse two
adjacent dense star resulting from the merger.tgfaonma-ray bursts to the thousandth of
a second [11], as long as a few hours, will relémgge amounts of energy in a short time. If
compared with the sun, the energy which is releasediew minutes is equivalent to the
sum of the trillions of sunlight, the emission odiagle photon energy is typically several
tens of times the typical sunlight. GRBs data isddid into two kinds of high red shift and
low red shift. We mainly use high red shift GRBsadia this work.

In this paper, we selected 79 high-red shift GRB& d12]. The first four columns
(100814A, 050318,110213A, 010222) are taken froemtbrk of Wei and Qin and Chen
and the last column is using the calibrated Angltition to get it. These data are named
May flower sample, and we always used it to comstasmological models. And now, we
will briefly introduce Amati relation. Following g. [13], we define the Amati relation as

log Eisojerg = 4 + b log Ey, i[300 KeV] 3
where “log” means the logarithm to base 10,)bahd b are the constants, their values are
not the same when we use different model.

The full information of the Gamma-Ray Bursts daithlve found in the table 3 of Wei
et al. In this work, we will perform a standard Baian analysis to constrain the
cosmological parameters by minimizing

. s [GRB"()-GRB™(D)’ ()
Xore = o (i )2

whereGRB" is the gamma ray burst value in the cosmologicalehand GRB®* is the
measured value with a uncertainty @f(i)>.

We combine the GRB data with the CMB observatiomfthe Planck results and the
BAO observation in order to break the degeneracsodlel parameters. We also added
580 SN la data [14] to limit the dark energy mguklameters, and compare the limitations
results in other observational data. We use ardiffemethod to get CMB and BAO and
SNla data. We obtained by three different aspettsbeerving to get BAO data and
obtained CMB data by Planck measurement and uselihtistance to get the SN la data.

3. Models and constraining results
From the viewpoint of the continuity equation £danergy and dark matter interaction
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term must be multiplied by a reciprocal action wiime factor, which chosen as the
Hubble factor H. About the interaction of the siegilmodel are [15]

Q1 =3 vmHpm (5)

and
Q2 = 3 yxHpy (6)

where the constanty,, and Y, quantify extent of the interaction about dark miatnd

dark energy. There is another kind of interactiart,we can only get a parameter about the
P _Px
P

pm my

density a) [16] of dark energy and dark matter from the pimeaoon analysis,

whereé is a constant parameter that to quantify the édérce problem’s severity. We
find that from the flat FRW universe the correspagdnteraction term Q given by Dalal et
al. (2001) and Guo et al (2007)
0, = ~0-Q.)E*3w) -

P 1-Q +Q _(1+2t ™
whereQ m is the present value of the dark matter’s dgnqsirameter. We assume that in
spatially flat FRW metric, the dark energy, =p/ o by the equation of state (EoS) is a
constant in the three phenomenological interactiodels. In this paper, we use the matter
density parameter to test the constraining pow&RBs, and use the CMB+BAO data as
a priori data and combined with other data. We gdglhstrain three interaction dark sectors
and each sample the parameters with GRBs+SN+CMB+B3+CMB+BAO, and
GRBs+CMB+BAO in the next work. Now, we will givedlbest-fit parameters (witho
uncertainties) in Table 1.

Table 1: The best-fit values (with thesluncertainties) of the parameters in three IDE
models with different data combinations, using BAIDAB as the priors, all represents
GRBs+SN+BAO+CMB, all-GRBs represents SN+BAO+CMB, |- means
GRBs+BAO+CMB.

They,IDE Model

Q, «, V.
I
) 0.2960,,(10) ~1.0659% (10) ~0.006°%2 (10)
all-GRB
0.296;,,,10) ~1.066/4, (1) —0.00625%% (10)
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T ozsepas)  17728800)  -0036%3i00)
TS o2azpao)  -18280%00)  -004053(0)
They, IDE Model

Q, «, Vo
o 02950%4lo)  -1060°%% (lo) - 0.0023% (10)
WERE . o2es%fao)  -108035@0)  -0.002%%i00)
all-sN 3.223%%5(1g) ~1.341% (157 - 0.005°%% (1)
O 025Ljao)  -15569300)  -0.0053i(o)

Theé IDE Model

Q. a, Va
o 0295000)  -10625%(10) 3217525 10)
al-GRB 0.2952%(10) ~1.064°% (10) 322392 (1g)
all-sN 0.269°%2(10) ~1.468°% (10) 456127 (1)
priors 0307°%(1e)  -1.002°% (10) 3.028°% (1)

A. The vy 4/DE mode

We take the most simple interaction model f@p¥ 3y,,Hp,,, we can obtain the Hubble
parameter [17].

2 —_ wam 3(1-yy) wam 3(1+wy)

E(z)=——"(1+2)"7" + (1-—=—")(1+2) x (8)

yd + wx yd + w

X
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whereQ = 8T[GpmO /(3H2is the present fractional energy density of darktenain
this work, we takeH,,Q,,, &, andy,,as the free parameters. Firstly, we use minimizing
the three-dimensiongffunction to determine the Hubble constart.We will statistical
analyze the remaining parameté®s, and &, andy,,.We will display the results in Fig.1.

0.02
0
~0.02
_° —-0.04
~0.06
~0.08
0.2 025 0.3 0.35
Qm
0.02 90
0 80
& =002 &
=" ~0.04 -+
~0.06 70
0.08 M -
BE 5 <5 =} 0.1 -0.05 0
Wx I-d

Figure 1: The 2-D regions with the@ contours of parametet, andy,, Qm andyq, Qm

and &, inthe Y, IDE model. The BAO+CMB priors are shown in blaitie| the red dot

represents the fits from GRBs+BAO+CMB+SN, the bldicle represent those from
SN+BAO+CMB, and the blue line represent those fl@RBs+BAO+CMB.
We will get the best fit value of the parameteratwlihen we take joint restrictions of

GRBs+BAO+CMB+SN, and they ar€Q =0.2967 ", , ®, =-1.06555, , and

-0.014 > -0.067 !

y, = -0.00672°%. We found that they are within the margin of ermoalysis data in the
Table 1. And we are also shows the restrictionltesi the model parameteré( and

Y, » &, andQ_ , Y, and Q_ )inFig. 1. We found that although the best-fitue is

slightly larger than zero, but it shows that yon ¢arn the dark matter to dark energy is,
which for alleviate the coincidence problem is Hied.

In order to highlight the effect of GRBs data, veed two different way of limitation
in this paper, and we take that are SN+CMB+BAO aithGRBs and GRBs+CMB+BAO
without SN in Fig. 1. The analysis revealed th&rgbining the GRBs data, display better
graphics tend to center. However, we find thatGRBs data on the parameter constraints’

6



Application of Gamma Ray Burst in Dark Energy Model

the non-negligible effect in the other two followgimodels.

B. The yn IDE model

Above us the simplest form, this time we take ottek energy

density Q, = 3y,Hp, , we obtain the Hubble parameter

W Q, +y, +V,(Q, —1(L+z)%m
(1+2)7 (0, +V,)

EX(2) = (@1-Q,)L+z)*" ) + (9)

0.04
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r w
m X

Figure 2: The same as Figure 1, but for te IDE model.

Though minimizing the tot? ,, our statistical analysis gives the matter density
implied Q,=02957" .The dark energy parameters’ best fit obtained are

w, =-1.0407%0and y_=-0.0022%. And we are also shows the restriction results

of the model parametersx( andy,,,®, and Qn ,Y,,andQm) in Fig. 2. We found that
although the best-fit value is slightly larger thearo, but it shows that you can turn the
dark matter to the dark energy. In order to hidftlitne effect of GRBs data, we used two
different way of limitation in this paper, and waké that are SN+CMB+BAO without
GRBs and GRBs+CMB+BAO without SN in Fig. 2. The lge&s revealed that after
joining the GRBs data, display better graphics tententer. The 79 GRBs data we use the
calculated results are within the range of errofldn.

C. The&lDE model
In the EIDE model, we give the interaction between darkteradnd dark energy by



Zi-Hao Wang and Yue Hu

Q,=_ 1-9,)(&+3w,) o _» and the corresponding Hubble parameter now has
1-Q,+Q, @+2z)" 7"

the form
E*(2) = 1+ 2)°[Q,, + @-Q,)(1+2) ] ™" 4o
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Figure 3: The same as Figure 1, but for #iBE model

We will give the constrained results from the janglysis in Fig. 1 and we can take
the bestfitisQ | =0.29570% ,w, = -1.0627) and & = 3.217 )% . We found that
after the addition of GRBs data, it has playedry mportant role in limiting the results.

We find another parametey = -( £ + 3w, ) in the other two models, and try to test the

energy transfer about dark energy and dark méttisrclear that the interaction’s negative
value is still favored in the framework of complied&(IDE model. We found that GRBs
data plays a very important role in limiting theldanergy model by analyzing the data in
Table 1. The analysis revealed that after joinireg®RBs data, display better graphics tend
to center.

Similarly, we found that thACDM model is still supported within the range afoer
in 1o, and also played a very good effect limit. Howej@n GRBs data only alleviate the
coincidence problem does not solve it. We also ogleer astronomical observation data to
limit the dark energy model, and the model paramsetome in different ways, to
eventually solve the coincidence problem. To thid,eve need to keep looking for a
various of probe on interactions of dark energy daudk matter.
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4. Analysis

We will use the information criteria (IC) to compdhe three interacting DE models in this
section and check the consistency of GRBs datattediark energy model by best-fit
parameters. We also verify the use of different eldf dark energy and matter density
parameter to alleviate the effect of coincidenabfam.

In this paper, we mainly used different informatiitieria (IC) for discussion of our
results, including the Akaike Information CritejAlC) [18] and Bayesian Information
Criteria (BIC) and Kullback Information CriteriofKIC). By these criteria, we can get a
variety of data to limit the results good or bad ¥én use these results to elect those that
best meet our requirements of model parameterseTéie a lot of studies have been
through these criterion get the results what thagtw

The BIC is given by

BIC =-2In(,,,, +kInN , (11)
the AIC is defined as
AlIC=-2InC ., +2k, (12)
and the KIC is defined as
KIC =-2In,, +3K (13)

where ( is the maximum likelihood, k is the number of paeters, and N is the

max

number of data points. Note that for Gaussian sigf,, = —2In{, . .we obtairX?,,

and calculate their corresponding AIC, BIC and Kblues shown in Table 2.

Table 2: The information criteria (IC) values for the thmeedels considered in this

analysis.
IC y..IDE model y4IDE model ¢ IDE model
2 597.8: 597.8¢ 597.8:
Xmin
BIC 623.8¢ 623.8¢ 623.8¢
AIC 605.8: 605.8¢ 605.8:
KIC 609.8: 609.8¢ 609.8:
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In the one-on-one model comparison, model With characterizing IC has the
likelihood

exp (-IC _)/2
P(M ) = bie.) (14)
exp(—-IC,/2)+exp(-IC,/2)
of being the correct choice, and the differedd€ = IC,~IC; determines the extent to
which M; is favored over MWe compare these two sets of dgtdDE and Y,IDE in

)(jﬂn £they only differ 0.02. Accordingly, we can caldelathe probability of their
respective P(M) =50% - 51% and P(M ~ 49% - 50%. Similarly, we can compare the
data of Y, IDE and&IDE model, we find that their values are the saifieen the

probability of their respective is P@M~= 50%=P(M) =~ 50%. We find the results by
comparing other sets of data is the same.

Through the above analysis, we know that limitiffeet y, IDE model is the best

play, with the best-fit parameters from GRBs+BAOH##SN. We can clearly see the
difference between the theoretical and observedegalThrough our analysis, we can
clearly understand that our data can be used asodogical probes to check the results
obtained from other tests above.

5. Conclusion

In this article, we use the 79 GRBs data and CMia dad BAO and supernova data for
three different dark energy interaction model f@inf restrictions, which allow transfer
between the dark energy and the dark matter.dtaffers the possibility of alleviated the
coincidence problem. With these models we can ifiteraction term Q can change the
direction to dark matter densityJ( Yy , P ., ), it also can change the direction to the dark

energy density (J Y,P, ) and the cosmological scaling factorpﬂk 0O a‘*) in

power-law function

Firstly, we found that the interaction term Q vaisigery small, almost zero. We have
found that the dark energy interaction parameteesvéthin the error range through
analysis of the data in the Table 1. Similarly, a0 found that the addition GRBs data
makes the display more visible, and are withinrtege of error in & We compare the

Y4 IDE model and theY, IDE model and the&IDE model are found their biggest

difference is that the value of thg,and v, are negative, while ig is positive. We can

also be found from the table one, with the additbGRBs data later, restrictions on the
model parametelQ,, and w x also played a very good effect. Let's labkhe graphic by
COSMOMC program and after the processing by MATYLABogram. Through
observation, we found that after adding the GRBa,daaphics have central tendency.
Secondly, we also offer three different types dédimation Criteria (IC) results in the
Table 2. We compared with two models pf IDE and Y, IDE, and we found that th ,

IDE model provides better fits to observationabd&imilarly, we also found that tiEDE
10



Application of Gamma Ray Burst in Dark Energy Model

model played the same role with,.According to compare A and B and C of the data in
the Table 2, we find the same result. However, mgehare not yet completely solved the
problem coincidence, we are just proposed a p@&ssilthe framework of three interacting
dark energy models.

Finally, we will get more GRBs data in the futuée will also get more astronomical
observational data through a variety of means skofation. This time, our study raises
the importance of the application of GRBs datatkins dark energy model. We also
hope that in the future there can be more astroredrobservations data apply to our study
of dark energy model, including high red shift Sihedrom SDSS-Il and SNLS
collaborations and low red shift GRBs data and wieaising survey combined CMB
measurements.
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