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In this paper, we present a cosmology-independent method to constrain cosmological

models from the latest 221 gamma-ray bursts (GRBs) sample, including 49 GRBs from
Fermi catalog with the Amati relation (the Ep-Eiso correlation), which calibrated by

using a Gaussian process from the Pantheon+ type Ia supernovae (SNe Ia) sample. With

182 GRBs at 0.8 ≤ z ≤ 8.2 in the Hubble diagram and the latest observational Hubble
data (OHD) by the Markov Chain Monte Carlo (MCMC) method, we obtained Ωm =

0.348+0.048
−0.066 and h = 0.680+0.029

−0.029 for the flat ΛCDM model, and Ωm = 0.318+0.067
−0.059, h =

0.704+0.055
−0.068, w = −1.21+0.32

−0.67 for the flat wCDM model. These results are consistent with

those in which the coefficients of the Amati relation and the cosmological parameters

fitted simultaneously.
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1. Introduction

Long Gamma-ray bursts (GRBs) are the most intense and energetic bursts of

gamma rays from the cosmic space within a short period of time. Currently, the max-

imum observable redshift of GRBs is estimated to be around z = 9.4,1 which is sig-

nificantly greater than Type Ia supernovae (SNe Ia), with the maximum observable

redshift z ∼ 2.3.2 Several empirical GRB luminosity relations, which are connections

between measurable properties of the instantaneous gamma-ray emission and the

luminosity or energy, have been proposed to standardize GRBs.3–13 However, the

early studies had usually calibrated the luminosity relations of GRBs by assuming a

FIDUCIAL cosmological model.11,14 Therefore, using these model-dependent GRB

data to constrain cosmological models leads to the circularity problem.10 Liang et

al.15 proposed a model-independent method to calibrate the luminosity relations
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of GRBs with SNe Ia data by the interpolation method and construct the GRB

Hubble diagram, which can be used to constrain cosmological models.16–23 The

luminosity relations of GRBs can be calibrated with SNe Ia data by the similar

methods.13,24–35

Furthermore, the observational Hubble data (OHD) obtained with the cosmic

chronometers (CC) method, which related the evolution of differential ages of pas-

sive galaxies at different redshifts,36,37 have unique advantages to calibrate GRBs

in a model-independent way. Amati et al.38 proposed an alternative method to cal-

ibrate GRB correlations by using the OHD through the Bézier parametric curve

and built up a Hubble diagram consisting of 193 GRBs with the Amati relation

(the Ep-Eiso correlation).5 Following this method,38 several works have constrained

cosmological models with the Amati relation.39–42

On the other hand, the simultaneous fitting method, in which the coefficients

of relations and the parameters of the cosmological model are constrained simul-

taneously, has been proposed to avoid the circularity problem.43 Khadka et al.44

compile a data set of 118 GRBs (the A118 sample,45 including 25 Fermi GRB sam-

ple46) with the smallest intrinsic dispersion from the total 220 GRBs (the A220

sample) with the Amati relation to derive the correlation and cosmological model

parameters simultaneously. Cao et al.47–49 used the Amati relation5 with the A220

and the A118 GRB samples in conjunction with the Dainotti relationa to con-

strain cosmological model parameters by the simultaneous fitting method. They

showed that Platinum sample including 50 GRB data can be standard-

ized with a cosmological-model-independent 3D Dainotti relation,48 and

the 3D Dainotti is strongly favoured over the 2D one with different GRB

data compilation.49 Dainotti et al.73,74 usd optical and X-ray GRB fun-

damental planes as cosmological distance indicators. Dainotti et al.76

correctted the 3D relation by considering the selection and evolutionary

effects with a reliable statistical method to obtain a lower central value

for the intrinsic scatter. The 3D Dainotti relation have also been used

with a binned analysis with GRBs, SNe Ia, and baryonic acoustic oscil-

lations (BAOs);75 and joint constraints combined GRBs with quasars,

SNe Ia, and BAOs;77,78 as well as a robust cosmographic technique.79

aCompared to GRB relations of the prompt emission phase, the relations involving

the X-ray afterglow plateau phase50–52 exists less variability in its features. Dainotti
et al. proposed the relation between the plateau luminosity and the end time of

the plateau in X-ray afterglows (2D Dainotti relation50), which have been used to
cosmological constraint.53–59,62 Furthermore, the GRB Fundamental Plane relation

(the 3D Dainotti relation) among the rest-frame time and X-ray luminosity at the

end of the plateau emission and the peak prompt luminosity with small intrinsic
scatter has been found.60,63–65,67 Some similar 2D and 3D relations with the plateau
in the X-ray afterglows has also been found.70–72 Recently, the relationship in optical

wavelengths between the optical rest-frame end time and the optical luminosity at
the end of the plateau has been found.66 Very recently, the GRB relation in radio

plateau phase afterglows has also been investigated.68,69
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Up to now, whether the luminosity relations of GRB are redshift dependent or

not is still under debate. The possible evolutionary effects in GRB relations have

been discussed in many works29,30,74,76,80–84. Regarding the luminosity

function and density rate and cosmological evolution of the formation

rate of GRBs, the luminosity relations of GRB could be evolution with

redshift85–89. With the A220 sample, Khadka et al.44 found that the Amati re-

lation is independent of redshift within the error bars; Liu et al.23,90 proposed

the improved Amati relation by accounting for evolutionary effects via copula, and

found that a redshift evolutionary correlation is favored slightly; Kumar et al.91 di-

vided the GRB data into five distinct redshift bins to calibrate the Amati relation,

and found that GRBs do seem to evolve with cosmological redshift.

Recently, Jia et al.92 found no statistically significant evidence for the redshift

evolution with the Amati relation from the analysis of data in different redshift

intervals with a long GRB sample, which contains 221 long GRBs with redshifts

from 0.03 to 8.20, including 49 GRBs from Fermi catalog. Liang et al.35 calibrated

the Amati relation with the A219 sample and the A118 sample by using a Gaussian

process from the Pantheon samples with 1048 SNe Ia data points,2 and constrain

cosmological models in flat space with GRBs at high redshift and 31 OHD via

the Markov Chain Monte Carlo (MCMC) numerical method. Li, Zhang & Liang93

calibrated GRB from the latest 32 OHD via the Gaussian process to construct the

GRB Hubble diagram with the A118 data set, and constrain Dark Energy models

with GRBs at high redshift and SNe Ia in a flat space by the MCMC method. More

recently, Mu et al.94 reconstruct cosmography parameters up to fifth order with

the Amati relation of the A219 sample35 calibrated from Pantheon+ samples,95

which contains 1701 SNe light curves of 1550 spectroscopically confirmed SNe Ia at

redshift z < 2.26.

In this paper, we utilize the latest 221 GRB data compiled in Ref. 92 (the J221

sample) and the Pantheon+ sample95 to calibrate the Amati relation by Gaussian

process at low redshift, and obtained the Hubble diagram of GRBs. We constrain

cosmological models with the GRBs at high redshift and the latest 32 OHD data93

by the MCMC method. Finally, we also use the simultaneous fitting method for

constraints on cosmological models.

2. CALIBRATION OF THE AMATI RELATION

The Amati relation,5 which connects the spectral peak energy and the isotropic

equivalent radiated energy (the Ep-Eiso correlation) of GRBs, can be expressed as

y = a+ bx, (1)

where y = log10
Eiso

1erg , x = log10
Ep

300keV , and a and b are free coefficients, Eiso and Ep

can be calculated by

Eiso = 4πd2L(z)Sbolo(1 + z)−1, Ep = Eobs
p (1 + z), (2)
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where Eobs
p and Sbolo are the GRB spectral peak energy and bolometric fluence. It

should be noted that the values of Eiso from Tab. 1 in Ref. 92 are related with lumi-

nosity distance dL, which depend on cosmological models. The luminosity distance

can be calculated by dL(z) = c(1+z)
H0

∫ z

0
dz′√

Ωm(1+z′)3+ΩΛ

, where Ωm represents the

parameter for non-relativistic matter density, ΩΛ represents the cosmological con-

stant density, and H0 represents the Hubble constant. Jia et al.92 used the standard

cosmological parameters from Plank Collaboration96 (Ωm = 0.315, ΩΛ = 0.685, and

H0 = 67.4 km s−1 Mpc−1) to obtain the values of Eiso.

Fig. 1. The apparent magnitudes reconstructed through the Gaussian process from SNe Ia data at

z ≤ 2.26. The blue curves present the reconstructed function with the 1σ uncertainty from the SNe
Ia data (red dots). The apparent magnitudes of GRBs at z < 0.8 (black dots) are reconstructed

from SNe Ia. The dashed line denotes z = 0.8 and z = 1.4.

Gaussian process is a fully Bayesian method for smoothing data, which can ef-

fectively reduce the errors of reconstructed results.97,98 Recently, Gaussian process

has been widely applied to the field of cosmology.35,71,93,99–102In order to obtain

model-independent Eiso, we use a Gaussian process to reconstruct the values of the

luminosity distance (dL) of GRBs from SNe Ia data. In the Gaussian process, the

function values f(z) are correlated by a covariance function k(z, z̃) to characterize

the connection between the function values at different reconstructed points. We

adopt a squared exponential covariance function with the property of infinite dif-

ferentiability suitable for reconstructing the shape of the function, which is given



April 23, 2024 1:55 WSPC/INSTRUCTION FILE ws-R1

Constraints on Cosmological Models with Gamma-Ray Bursts in Cosmology-Independent Way 5

by proposed by Seikel et al.,97 k(z, z̃) = σ2
f exp

[
− (z−z̃)2

2l2

]
, where σf and l are the

hyperparameters need to optimize the values.

We use public python package GaPPb to calibrate the GRB relation from the

SNe Ia. We use the J221 GRB datac, and the Pantheon+ sample95 comprising

1701 light curves of 1550 unique spectroscopically confirmed SNe Iad. The distance

modulus µ is related to the luminosity distance dL: µ = m −M = 5 log dL

Mpc + 25,

where m and M correspond to the apparent magnitude and absolute magnitude,

respectively. The reconstructed apparent magnitudes from Pantheon+ sample are

showed in Fig. 1. We find that the SNe Ia data points are sparse at 0.8 ≤ z ≤ 2.26,

the reconstruction function exhibits strange oscillations and large uncertainty.

To calibrate the Amati relation, we use GaPP to reconstruct the apparent mag-

nitudes of SNe Ia data points with 39 GRBs at z < 0.8 from the J221 sample. In

order to compare with the previous analyses,23,35,93 we also used a subsample of

SNe Ia with a redshift cutoff at z = 1.4 to calibrate the Amati relation with 90

GRBs at z < 1.4 from the J221 sample. Two likelihood function methods104,105

are used to fit the parameters of Amati relation (a and b). The likelihood function

proposed by Ref. 104 is written as

LD ∝
N1∏
i=1

1

σ2
× exp

[
− [yi − y(xi, zi; a, b,M)]2

2σ2

]
. (3)

Here σ =
√

σ2
int + σ2

y,i + b2σ2
x,i, σint is the intrinsic scatter of GRBs, σy =

1
ln10

σEiso

Eiso
, σx = 1

ln10

σEp

Ep
, σEp

is the error magnitude of Ep, and σEiso
=

4πd2LσSbolo
(1 + z)−1 is the error magnitude of Eiso, where σSbolo

is the error mag-

nitude of Sbolo. It should be noted that the use of the Ref. 104 likelihood may

introduce a subjective bias on the choice of the independent variable in the analy-

sis. The likelihood function proposed by Ref. 105 has the advantage of not requiring

the arbitrary choice of an independent variable among Ep and Eiso, which has been

used to get rid of this bias.93,106 The Ref. 105 likelihood function can be written

as81,93

LR ∝
N1∏
i=1

√
1 + b2

σ
× exp

[
− [yi − y(xi, zi; a, b,M)]2

2σ2

]
(4)

Here the intrinsic scatter can be calculated by σint =
√

σ2
y,int + b2σ2

x,int, in which

σx,int and σy,int are the intrinsic scatter along the x-axis and y-axis.

bhttps://github.com/astrobengaly/GaPP
cWe revisited the J221 sample,92 which consists of 49 GRBs from Fermi catalog, 33 GRBs from

Ref. 38 and 139 GRBs from Ref. 22.
dThe Pantheon+ sample95 do not use SNe from SNLS at z > 0.8 due to sensitivity to the U
band in model training, so the Pantheon+ statistics between 0.8 < z < 1.0 are lower than that of

Pantheon2 and the Joint Light-curve Analysis (JLA103).

https://github.com/astrobengaly/GaPP
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We used the python package emcee107 , which is optimized on the basis of the

Metropolis-Hastings algorithm, to implement the MCMC numerical fitting method.

The parameters a, b, σint, and the absolute magnitude M of SNe Ia simultaneously

using the MCMC method with the likelihood functions from the J221 sample with

redshift z < 0.8 (39 GRBs) and z < 1.4 (90 GRBs) are shown in Table 1. We

find that the fitting results of the intercept (a) with the two likelihood function

methods104,105 are consistent in 1σ uncertainty; however, there is a significant dif-

ference in the slope parameter b with the two likelihood function methods104,105 . As

pointed out in Ref. 93, this discrepancy arises because the likelihood employed by

Ref. 104 may introduce subjective biases.To avoid any bias in the selection of inde-

pendent variables, we utilize the calibration results obtained through the likelihood

method proposed by Ref. 105 to construct the GRB Hubble diagrams.

Table 1. Calibration results (the intercept a, the slope b, the intrinsic scatter σint and the

absolute magnitude M) of the Amati relation in the J221 GRB sample at z < 0.8, z < 1.4

by the likelihood method Reichart 2001105 and the likelihood method D’Agostini 2005.104

Methods data sets a b σint M

D’Agostini 2005
39GRBs (z < 0.8) 52.75+0.58

−0.58 1.50+0.13
−0.13 0.431 −19.50+0.14

−0.14

90GRBs(z < 1.4) 52.83+0.58
−0.58 1.59+0.10

−0.10 0.433 −19.50+0.14
−0.14

Reichart 2001
39GRBs (z < 0.8) 52.80+0.47

−0.87 1.808+0.094
−0.12 0.413 −19.40+0.14

−0.14

90GRBs(z < 1.4) 52.87+0.58
−0.58 2.026+0.083

−0.093 0.423 −19.50+0.14
−0.14

3. THE HUBBLE DIAGRAM AND CONSTRAINS ON

COSMOLOGICAL MODELS

We construct the Hubble diagram by extrapolating the calibration results of the

Amati relation at low-redshift GRBs to high-redshift. The Hubble diagram with

J221 sample are plotted in Fig. 2. The cosmological parameters can be fitted by

minimizing the χ2 statistic.

χ2
GRB =

N1∑
i=1

[
µobs(zi)− µth(zi; p,H0)

σµi

]2
. (5)

Here, N1 = 182 or 131 represents the number of high-redshift GRBs with z ≥ 0.8 or

z ≥ 1.4, respectively, in the J221 sample, µobs is the observational value of distance

modulus and its error σµi
. The uncertainty of GRB distance modulus with the

Amati relation is

σ2
µ =

(
5

2
σ
log

Eiso
1erg

)2

+

(
5

2ln10

σSbolo

Sbolo

)2

, (6)

where

σ2

log
Eiso
1erg

= σ2
int +

(
b

ln10

σEp

Ep

)2

+
∑(

∂y(x; θc)

∂θi

)2

Cii . (7)
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Fig. 2. GRB Hubble diagram with the J221 data set. GRBs at z < 0.8 were obtained by a
Gaussian process from the SNe Ia data (purple points), while GRBs with z ≥ 0.8 (blue points)

were obtained by the Amati relation and calibrated with J221 at z < 0.8. The solid green curve

presents the best-fit values from Plank CMB data at high-redshift: H0 = 67.36 km s−1 Mpc−1,
Ωm = 0.315,96 and the green long dotted curve presents the best-fit constraints on the ΛCDM

model from the Pantheon+: H0 = 73.4 km s−1, Mpc−1, Ωm = 0.306.95,108,109 The black dotted
line denotes z = 0.8.

Here θc = {σint, a, b}, and Cii means the diagonal element of the covariance matrix

of these fitting coefficients. µth is the theoretical value of distance modulus calcu-

lated from the cosmological model, H0 is the Hubble constant, p represents the

cosmological parameters. Considering a flat space, for the wCDM model which has

a constant equation of state of dark energy, the theoretical value of the luminosity

distance can be obtained from

dL;th =
c(1 + z)

H0

∫ z

0

dz

[Ωm(1 + z)3 +ΩΛ(1 + z)3(1+w)]
1
2

. (8)

Here c is the speed of light, and Ωm and ΩΛ are the present dimensionless density

parameters of matter and dark energy, respectively, which satisfy Ωm + ΩΛ = 1.

For the flat ΛCDM model, w = −1.

We employ the Python package emcee107 to constrain cosmological models with

the GRB data at high-redshift. The results of 182 and 131 GRBs in the J221 data set

at z ≥ 0.8 and z ≥ 1.4 are shown in Figures 3 (ΛCDM model) and Figure 4 (wCDM

model), respectively. Constraint results with 1σ confidence level are summarized in
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Tab. 2. e

Fig. 3. Constraints on Ωm in the ΛCDM model at redshift z ≥ 0.8 and z ≥ 1.4,with 182 GRBs
(left panel) and 131 GRBs (right panel), respectively from J221 GRBs dataset. H0 is set to be

70 km s−1Mpc−1 for the cases only with GRBs.

Fig. 4. Constraints on Ωm and w in the wCDM model at redshift z ≥ 0.8 and z ≥ 1.4,with 182
GRBs (left panel) and 131 GRBs (right panel), respectively from J221 GRBs dataset. H0 is set to
be 70 km s−1Mpc−1 for the cases only with GRBs.

eIt should be noted that GRB data alone are unable to constrain H0 because of the degeneracy
between H0 and the correlation intercept parameter; therefore H0 is set to be 70 km s−1Mpc−1

for GRB-only analyses in previous works.?, 35,44,93
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In our analysis, we also use the latest OHD in Ref. 93 to constrain cosmo-

logical models, including the 31 Hubble parameter measurements at 0.07 < z <

1.965,110–115 and a new point at z = 0.80 proposed by Jiao et al.116 in a similar

approach. It should be noted that Borghi et al.117 obtained another new OHD at

z = 0.75. Considering these two measurements116,117 are not fully independent and

their covariance is not clear, we only use the point in Ref. 116, which taking advan-

tage of the 1/
√
2 fraction of systematic uncertainty. One could either use the data

in Ref. 117 alternatively with other 31 OHD to investigate cosmology.42,91,118,119

For the OHD data set, the χ2 has the form

χ2
OHD =

N3∑
i=1

[
Hobs(zi)−Hth(zi; p,H0)

σHi

]2
. (9)

Here N3 = 32 denotes the number of the Hubble parameter measurements. The

total χ2 of GRB and OHD data is

χ2
total = χ2

GRB + χ2
OHD. (10)

The constraint results of the high-redshift GRBs (182 GRBs at z ≥ 0.8, and 131

GRBs at z ≥ 1.4) from the J221 data set and 32 OHD, are plotted in Figures 5

(ΛCDM model) and Figure 6 (wCDM model), and summarized in Tab. 2 with the

1σ confidence level. With 182 GRBs at 0.8 ≤ z ≤ 8.2 in the J221 sample,

we obtained Ωm = 0.373+0.047
−0.058 (ΛCDM) and Ωm = 0.316+0.19

−0.094, w = −1.00+0.65
−0.28

(wCDM), which are consistent with Ref. 76 using the 3D GRB relation

alone calibrated on SNe Ia (Ωm = 0.306± 0.069 for ΛCDM, fixing h = 70;

and w = −0.906±0.697 for wCDM, fixing Ωm = 0.3, h = 70). Our results are

more stringent than previous results in Ref. 49 with the Platinum GRB

and the LGRB95 sample for ΛCDM and wCDM model. With 182 GRBs at

0.8 ≤ z ≤ 8.2 in the J221 sample and 32 OHD, we obtained Ωm = 0.348+0.048
−0.066 and

h = 0.680+0.029
−0.029 for the flat ΛCDM model, and Ωm = 0.318+0.067

−0.059, h = 0.704+0.055
−0.068, w

= −1.21+0.32
−0.67 for the flat wCDM model, which are consistent with the results using

the 193 GRBs (Amati relation) and SNe Ia (Ωm = 0.397 ± 0.040 for the

ΛCDM model, and Ωm = 0.34+0.13
−0.15, w = −0.86+0.36

−0.38 for the wCDM model;

fixing h = 0.6774) at the 2σ level;38 and the result in Ref. 74 combining

SNe Ia and GRBs with a 3D optical Dainotti correlation for a flat ΛCDM

cosmology (Ωm = 0.299 ± 0.009). With 131 GRBs at 1.4 ≤ z ≤ 8.2 in the J221

sample and 32 OHD, we obtained Ωm = 0.314+0.046
−0.063 and h = 0.681+0.029

−0.029 for the

flat ΛCDM model, and Ωm = 0.269+0.10
−0.055, h = 0.683+0.042

−0.072, w = −1.00+0.63
−0.29 for

the flat wCDM model at the 1σ confidence level, which are consistent with our

previous analyses with 98 GRBs at 1.4 < z ≤ 8.2 in the A118 sample

and OHD (Ωm=0.346+0.048
−0.069, h=0.677+0.029

−0.029 for the flat ΛCDM model, and

Ωm=0.314+0.072
−0.055, h=0.705+0.055

−0.069, w=−1.23+0.33
−0.64 for the flat wCDM model)35.

Finally, we also use the J221 data set to constrain the ΛCDM and wCDM

models by using the method of simultaneous fitting, in which the parameters of

cosmological models (Ωm, h, and w) and the relation parameters (a and b) are
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Table 2. Constraints on the ΛCDM and wCDM Models at the 1σ Con-

fidence Level from J221 GRBs at high redshift z ≥ 0.8(182 GRBs), and

z ≥ 1.4(131 GRBs) with 32 OHD Data Sets. (For the cases only with
GRBs, h is set to be 0.7.)

Models data sets Ωm h w

ΛCDM

182 GRBs (z ≥ 0.8) 0.374+0.047
−0.058 − −

131 GRBs (z ≥ 1.4) 0.373+0.047
−0.058 − −

182 GRBs+OHD 0.348+0.048
−0.066 0.680+0.029

−0.029 −
131 GRBs+OHD 0.314+0.046

−0.063 0.681+0.029
−0.029 −

wCDM

182 GRBs (z ≥ 0.8) 0.316+0.19
−0.094 − −1.00+0.65

−0.28

131 GRBs (z ≥ 1.4) 0.21+0.14
−0.11 − −0.98+0.54

−0.20

182 GRBs +OHD 0.318+0.067
−0.059 0.704+0.055

−0.068 −1.21+0.32
−0.67

131 GRBs +OHD 0.269+0.10
−0.055 0.683+0.042

−0.072 −1.00+0.63
−0.29

fitted simultaneously. The results from the J221 sample combined with the OHD

data set are shown in Fig. 7, and summarized in Table 3 with the 1σ confidence

level. It is found that the values of the coefficients of the Amati relation (a, b, σint)

for the flat ΛCDM model and the flat wCDM model in simultaneous fitting are

almost identical, which are consistent with the results calibrating from the low-

redshift data. Compared to the results of Ref. 75 from GRBs+BAOs with

EV (Ωm = 0.286 ± 0.015, H0 = 67.219 ± 1.050 km s−1Mpc−1), Ref. 76 from

SNe Ia+BAO+GRBs using GRBs with the correction for the evolution

indicated with EV (Ωm = 0.310± 0.007, H0 = 67.83± 0.16 km s−1Mpc−1; and

w = −1.017 ± 0.015 for wCDM, fixing Ωm = 0.3, h = 0.70), and Ref. 48

from GRBs+BAOs (Ωm = 0.299+0.016
−0.018, H0 = 69.4 ± 1.81 km s−1Mpc−1), we

find the result of h with J221+OHD for a flat ΛCDM cosmology are

consistent with Ref. 75, 76 and Ref. 48 at the 1σ confidence level; and

the result of Ωm is slightly different with Ref. 75, 76 and Ref. 48 at the 1σ

confidence level. We also find that the value of w for a flat wCDM model

with Jia221+OHD are consistent with Ref. 76 at the 1σ confidence level.

Following the same approach as in Ref. 74, 75, 77, 78, we also consider

the selection biases and redshift evolution for the J221 sample, and find

that the fitting results of the cosmological parameters with and without

correcting for the evolutionary effects for GRBs are almost identical.

Table 3. Simultaneous Fitting Results of Ωm, h, a, b and σint in the ΛCDM and wCDM Models, with J221 GRB + 32

OHD Data Sets.

Models Data Sets Ωm h w a b σint

ΛCDM J221 GRB + 32 OHD 0.395+0.054
−0.078 0.651+0.030

−0.030 - 52.869+0.035
−0.035 1.453+0.064

−0.064 0.393+0.019
−0.022

wCDM J221 GRB + 32 OHD 0.350+0.11
−0.069 0.648+0.037

−0.061 −0.97+0.63
−0.30 52.871+0.036

−0.036 1.450+0.064
−0.064 0.393+0.020

−0.023
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Fig. 5. Joint constraints on parameters of Ωm and h in the ΛCDM model at redshift z ≥ 0.8

and z ≥ 1.4,with 182 GRBs + 32 OHD (left panel) and 131 GRBs + 32 OHD (right panel),
respectively from J221 GRBs dataset.

Fig. 6. Joint constraints on parameters of Ωm and h in the ΛCDM model at redshift z ≥ 0.8
and z ≥ 1.4,with 182 GRBs + 32 OHD (left panel) and 131 GRBs + 32 OHD (right panel),

respectively from J221 GRBs dataset.

4. SUMMARY AND DISCUSSION

In this paper, we use the Gaussian process to calibrate the Amati relation of GRBs

from the Pantheon+ sample95 by Gaussian process and obtain the GRB Hubble

diagram with the latest J221 GRB sample.92 With 131 GRBs at 1.4 ≤ z ≤ 8.2 in

the J221 sample and 32 OHD, we obtained Ωm = 0.314+0.046
−0.063 and h = 0.681+0.029

−0.029

for the flat ΛCDM model, and Ωm = 0.269+0.10
−0.055, h = 0.683+0.042

−0.072, w = −1.00+0.63
−0.29
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Fig. 7. Simultaneous fitting parameters of Ωm, h, a, b and σint in the ΛCDM model with J221

GRBs + 32 OHD (left panel), and Ωm, h, a, b, σint and w in the wCDM model with J221 GRBs
+ 32 OHD (left panel) (right panel).

for the flat wCDM model at the 1σ confidence level. We find that our results with

131 GRBs at 1.4 ≤ z ≤ 8.2 are consistent with previous analyses that obtained

in Ref. 35. We also use GRB data sets of J221 sample to fit Ωm, h, a, b, σint and

w parameters simultaneously. It is found that the simultaneous fitting results are

consistent with those obtained from the low-redshift calibration method.

H0 with a redshift evolving is an interesting idea for the H0 tension.120–125

Recently, Dainotti et al.120,121 fit the H0 values with a function mimicking

the redshift evolution to find a slowly decreasing trend. Jia et al.123 find

a decreasing trend in the Hubble constant with a significance of a 5.6σ confidence

level with SN Ia, OHD and baryon acoustic oscillation (BAO) data, which indicate

that H0 value is consistent with that measured from the local data at low redshift

and drops to the value measured from the CMB at high redshift. Malekjani et al.125

find the evolving (H0,Ωm) values above z = 0.7 in Pantheon+ sample. We find that

the H0 value with GRBs at 0.8 ≤ z ≤ 8.2 and OHD at z ≤ 1.975 seems to favor

the one from the Planck observations, and the Ωm value of our results for the flat

ΛCDM model is consistent with the CMB observations at the 1σ confidence level.

A larger Ωm values in the ΛCDM model with GRBs at high redshift is obtained,

but adding OHD at low redshit removes this trend.

It should be note that the potential use of machine learning (ML) al-

gorithms for reconstructing light curves could further enhance parameter

determination.126 Dainotti et al.127 use ML to infer redshifts from the

observed temporal and spectral features of GRBs. Moreover, ML have

been use to calibrate the Amati relation.40,128 Furthermore, Dainotti

et al.74,121 investigate perspective of the future contribution of GRB-

Cosmology. In future, GRBs could be used to set tighter constraints on cosmolog-
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ical models with the GRB sample from Fermi data with much smaller scatters, as

well as the data from the Chinese-French mission SVOM (the Space-based multi-

band astronomical Variable Objects Monitor),129 which will provide a substantial

enhancement of the number of GRBs with measured redshift and spectral parame-

ters.
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